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OUR  CLIMATE  AND  THE  NORFOLK  SCENE:  SOME  PERSISTENT 
INFLUENCES  BUT  EVER-UNFOLDING  CHANGES 

THE  PRESIDENTIAL  ADDRESS  DELIVERED  TO  THE  SOCIETY  ON  1 1 MARCH 

1991 

Hubert  H.  Lamb,  Sc.D., 

Professor  Emeritus  of  the  University  of  East  Anglia 


Our  landscapes  have  been,  and  are,  shaped  by  various  groups  of  influences: 

(i)  the  underlying  geology,  the  chemistry,  porosity,  and  hardness  of  the 
rocks; 

(ii)  the  climate  and  its  history,  which  has  produced  variations  of  (a)  frost 
action,  (b)  erosion  and  transport  of  the  products  by  winds,  by  stream-flow, 
by  glaciers,  and  by  the  sea,  as  well  as  (c)  changes  of  the  vegetation  cover; 

(iii)  human  activities,  ranging  from  forest  clearance  and  planting  to  agricul- 
ture, land  reclamation,  and  dyke-building  to  protect  coasts,  the  digging  of 
artificial  channels  for  waterways,  reservoirs  etc.,  and  the  large-scale  land- 
scape engineering  projects  of  modem  times. 

The  pace  of  human  intervention  has  been  quickening  - some  would  say 
alarmingly  - over  recent  decades  with  the  ever-increasing  power  and  size  of  mod- 
ern machinery  and,  in  some  parts  of  the  world,  even  with  atomic  blasting  of  the 
rockiest  barriers.  We  in  Norfolk  live  in  a relatively  gentle  scene;  but  our  coast  is 
notably  subject  to  storms  and  sea  floods  and  undergoes  in  places  rapid  change, 


Fig.  1 Temperatures  prevailing  in  typical  inland  sites  in  central  England. 
Running  10-year  averages  from  thermometer  measurements  presented  by 
Manley  (1974). 
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some  stretches  of  it  receding  at  an  average  rate  of  the  order  of  one  metre  a year*, 
while  elsewhere  sand  and  shingle  spits  grow.  There  are  prime  examples  of  these 
growing  spits  at  Blakeney  and  Great  Yarmouth  (cf.  Steers  1966),  as  well  as  at 
Orford  Ness  in  Suffolk,  which  seem  to  have  grown  at  up  to  1 km  a century  until 
the  end  gets  cut  by  storms. 

Our  occasional  dry  seasons,  exacerbated  by  over-use  of  the  region’s  water 
resources  for  agriculture  and  rise  of  population  through  immigration,  are  also 
liable  to  threaten  Norfolk’s  plant  and  wild-life  habitats. 

There  have  been  gross  long-term  changes  of  Norfolk’s  situation  under  the 
changing  temperature  levels  since  the  last  ice  age  1 5 to  20,000  years  ago  shown 
in  my  article  in  the  Transactions  in  1987,  p.388.  Fig.  1 here  shows  how  the  tem- 
peratures prevailing  in  England  have  varied  since  thermometer  records  began  in 
1659.  At  the  maximum  development  of  the  last  glaciation,  with  a tongue  of  the 
combined  north  European  ice  sheets  just  reaching  Norfolk  from  the  north, 
instead  of  having  a sea  coast  Norfolk  was  80  to  100  nautical  miles  from  the  edge 
of  a great  lake  - only  seasonally  an  open  water  surface  - some  250  miles  long, 
which  was  all  that  was  left  of  the  North  Sea.  Our  climate  was  therefore  continen- 
tal as  well  as  cold,  and  the  seasonal  rise  of  temperature  was,  no  doubt,  great 
enough  to  allow  occasional  really  warm  spells  in  summer.  There  were  periods 
during  the  glaciation  when  the  average  summer  temperatures  were  probably  not 
far  different  from  today’s,  but  around  the  time  of  maximum  glaciation  our  yearly 
average  temperatures  seem  to  have  been  10°  to  12°C  lower  than  now,  and  15°  to 
16°  down  near  the  edge  of  the  ice  in  central  Europe.  An  at  first  sight  surprising 
discovery  of  oceanographic  research  (Cline  and  Hays  1976)  is  that  the  surface 
waters  of  the  Atlantic  Ocean  were  nowhere  much  more  depressed  than  near  our 
shores,  as  much  as  8°  to  12°C  lower  than  nowadays,  the  greatest  depression 
being  in  the  South-West  Approaches.  This  was  due  to  diversion  of  the  warm 
North  Atlantic  Ocean  current  (Gulf  Stream)  far  away  to  the  south  (Fig. 2). 

The  ice  sheets  took  some  thousands  of  years  to  melt  and  the  great  outwash 
streams  distributed  sand  and  gravel  in  various  directions  around  this  county. 
There  were  some  fluctuations  in  the  ice  retreat  too,  and  the  ice  in  the  soil  proba- 
bly took  even  longer  to  melt.  The  vegetation  also  took  thousands  of  years  to 
become  re-established,  partly  because  the  nearest  surviving  refuges  of,  for  exam- 
ple, our  more  warmth-demanding  forest  trees,  the  oaks,  elms,  limes,  and  beech- 
es, were  far  away,  beyond  the  Alps.  So  the  birches  and  pines  arrived  long  before 
and  later  were  gradually  displaced  by  the  bigger  trees.  The  history  is  indicated  by 
pollen  diagrams  for  Hockham  Mere,  Norfolk  (Godwin  1956),  Figs.  3 and  4 in 
my  earlier  article  in  this  Society’s  Transactions  (Lamb  1987).  Birch  and  pine 
dominated  at  first,  oak  and  its  associates  only  after  about  6000  BC:  even  so,  the 
graceful  “Silver  birch”  has  never  since  died  out  in  this  region  and  it  is  doubtful 
whether  the  pines  completely  died  out  either  (see  Godwin  1978,  p.  36). 

The  warmest  post-glacial  times  were  between  roughly  four  thousand  and 
seven  to  eight  thousand  years  ago,  and  the  fluctuations  after  that  provided  at 

★ ★ ★ 

* If,  as  is  reputedly  the  case,  the  submerged  ‘Church  Rock’,  400  m out  to  sea  from 
Cromer,  demolished  in  1888  as  a danger  to  shipping,  was  the  last  relic  of  the  ruins  of  Shipden 
church,  the  medieval  town,  presumed  to  have  stood  on  a more  or  less  level  coastal  strip,  which 
was  washed  away  by  the  sea  between  about  1350  and  1390,  the  coast  at  that  point  seems  to 
have  receded  at  an  average  rate  of  more  nearly  half  a metre  a year. 
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least  one  more  peak  of  warmth  in  the  middle  ages,  between  about  AD900  and 
1300. 

The  growth  and  extent  of  forest  and  woodland  since  the  postglacial  warming 
have  varied  basically  with  the  temperature  level.  The  luxuriance  of  the  forest  in 
our  region  during  the  postglacial  warmest  times  is  indicated  by  the  size  and 
abundance  of  the  storm-felled  oaks  that  have  been  found  buried  in  the  soil  of  the 
fenland.  One  massive  “bog  oak”,  recorded  by  Godwin  (1956,  p.203),  showed 
the  first  branch  27.5  m (90  feet)  up  on  the  trunk.  But  the  tree-cover  has  also 
been  strongly  affected  by  Man’s  clearances  for  agriculture  and  sheep  rearing,  by 
the  varying  availability  of  moisture,  and  by  winds  and  storms  especially  after  the 
natural  vegetation  cover  had  gone.  Each  forest  state  has  its  own  characteristic 
population  of  birds  and  insects,  but  the  land  animals  here  must  have  been  more 
or  less  restricted  to  those  that  arrived  before  Britain  was  cut  off  from  the  conti- 
nent by  the  rise  of  sea  level  as  the  world’s  glaciers  melted.  And  we  know  that 
some  species  (probably  many)  have  since  died  out  - the  bustard,  the  boar  and 
wolf  arc  examples  - usually  as  a result  of  human  action. 

We  must  clearly  concern  ourselves  too  with  the  evidence  of  variations  in  the 
history  of  past  rainfall,  winds  and  storminess,  and  of  sea  level  and  sea  floods. 


Fig.  2 Southward  limit  of  the  polar  water  in  the  Atlantic  Ocean  at  various  past 
dates. 
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East  Anglia’s  climate,  as  we  know  it,  has  some  continental  tendencies, 
except  near  the  coast,  because  the  prevailing  westerly  winds  have  travelled  so  far 
over  land  (cf.  Lamb  1987).  The  average  day  maximum  temperatures  in  most 
months  from  March  onwards  through  the  summer  to  October  are  among  the 
highest  in  the  country.  And  the  average  lowest  temperatures  in  inland  parts  of 
Norfolk  in  the  winter  nights  are  among  the  lowest  anywhere  in  England.  The  fre- 
quency of  frosts  is  correspondingly  high,  and  some  places  well  inland  have  expe- 
rienced damaging  ground  frosts  in  every  month  of  the  year.  The  frost  risk  falls 
sharply  within  about  5 to  10  km  of  the  coast  and  windiness  increases.  When  the 
wind  is  in  the  west  or  southwest,  the  county  experiences  some  degree  of  lee 
effect  (“rain  shadow”)  from  the  hills  of  the  south  and  southwest  and  Wales,  and 
from  the  Pennines  with  west  to  northwest  winds.  Sunshine  amounts  are  corre- 
spondingly good  in  these  situations,  though  it  is  Suffolk  which  records  about  the 
highest  average  sunshine  totals  of  any  inland  district  in  Britain. 

-Cloudiness  and  rainfall  are  similarly  affected,  and  because  SW  to  W winds 
are  the  commonest  directions,  the  averages  of  yearly  rainfall  and  the  frequency 
and  overall  duration  of  rain  are  among  the  lowest  in  Britain.  The  lowest  totals 
are  in  the  Cambridge  and  Lincolnshire  fens,  the  Bedfordshire  levels  and  near  the 
Thames,  Essex  and  Suffolk  river  estuanes.  Over  the  mountains  in  Wales  the 
rainfall  is  up  to  five  times  as  great  - or  even  more.  There  is  however,  an  intncate 
pattern  of  greater  rainfalls  over  the  higher  ground  of  south,  central,  west  and 
north  Norfolk  from  Great  Erpingham,  Bunwell,  Fomcett  and  Winfarthing  to 
near  Sandringham,  Docking  and  Fakenham  and  from  about  Stibbard  to  near 
Cromer  (Fig.  3).  In  these  areas,  30-year  average  rainfalls  for  1941-70,  and  simi- 
larly over  the  period  since  the  beginning  of  the  century,  at  over  700  mm/year, 
have  been  25  to  30%  greater  than  in  the  driest  parts  of  the  county.  Rainfall 
seems  also  to  be  a great  deal  more  frequent  over  the  higher  rainfall  region,  some 
of  it  in  the  form  of  showers  and  at  other  times  in  the  form  of  drizzle  and  light 
rain.  Farther  south,  there  is  another  zone  of  rainfall  extending  northeastward 
parallel  with  the  line  of  the  Chiltems  and  the  Hertfordshire  hills  into  north  Essex 
and  Suffolk,  though  nowhere  in  East  Anglia  does  that  zone  produce  rainfalls 
quite  as  great  as  in  the  wettest  places  in  Norfolk.  Both  that  zone  and  the  T or  Y- 
shaped  zones  of  most  rainfall  in  Norfolk  are  clearly  associated  in  some  way  with 
the  higher  ground,  but  in  each  case  the  axis  of  the  rainfall  area  is  a little  south  of 
the  ridges  concerned.  The  reason  for  this  is  not  clear  but  may  have  something  to 
do  with  convergence  of  sea  breezes  from  the  various  coasts. 

This  picture  of  our  climate  depends  greatly  on  the  prevalence  of  westerly 
winds  - not  all  the  time,  but  predominantly.  Historical  climatic  research  and 
reconstruction,  as  well  as  observation  over  the  last  thirty  to  sixty  or  more  years, 
has  now  made  clear  that  the  prevalence  of  the  westerly  (and  indeed  of  other 
wind  directions)  is  subject  to  variation  (Fig. 4).  We  must  therefore  study  what 
has  happened  when  the  westerly  winds  become  less  frequent.  This  we  can  do  by 
studying  conditions  in  various  past  periods. 

We  have  long  records  of  rainfall  measurements  in  the  East  Midlands  from 
Rutland  and  the  Peterborough  area  to  the  Fenland  from  1726  and  in  Norwich 
from  1836.  London  records  go  back  to  1697.  The  record  of  the  frequency  of 
various  wind  directions  in  the  London  area  goes  back  even  further  into  the  sev- 
enteenth century.  Within  that  time  the  decade  average  frequency  of  south-west- 
erly surface  winds,  although  almost  always  the  most  frequent  direction,  is  seen  to 
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Fig.  3 (a)  Rainfall  averages  (yearly  totals  in  mm)  over  eastern  England, 
1914-70.  (b)  Rainfall  month  by  month  1986  to  1991  (as  departures  in  mm. 
from  25  - year  average)  at  Brooms  Bam,  Suffolk  (52°16’N,  0°34’E). 
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have  varied  widely:  between  about  20  and  35%.  In  the  times  of  lowest  frequency 
of  the  westerly  winds,  in  the  late  1700’s  and  the  late  1500’s*,  we  have  evidence 
of  a few  decades  in  which  winds  from  SE  and  S and  from  NW  or  N outstripped 
the  frequency  of  SW  winds  (Douglas  et  al.  1978,  Lamb  1979).  We  know  that 
decade  average  frequency  of  SW  to  W winds  over  the  whole  country  - indicated 
by  the  types  of  situation  with  weather  systems  from  the  Atlantic  being  steered 
from  W to  E with  generally  westerly  upper  winds  over  the  British  Isles  - in  quite 
recent  times  has  ranged  from  109  days/year  (30%)  in  the  1920’s  to  72  days/year 
(20%)  in  the  1980’s  and  apparently  lower  than  that  in  the  1780’s  (for  which  we 
have  six  years  of  fully  analysed  daily  weather  maps).  In  every  decade  since  1960, 
as  in  the  1780’s,  the  frequency  of  situations  with  anticyclones  and  /or  depression 
centres  over,  or  passing  right  across,  this  country  has  tended  to  exceed  the  fre- 
quency of  W or  SW  winds  over  the  whole  country. 

Very  little  inspection  of  Fig.  4 is  enough,  however,  to  show  that  whatever 
relationship  exists  between  our  rainfall  and  variations  of  the  longer-term  preva- 
lence of  westerly  winds  is  not  a very  straightforward  or  simple  one.  This  may  be 
surprising  when  the  effects  of  “orographic”  shelter  from  quite  distant  hill  and 
mountain  ranges  are  as  regular  as  they  are  in  Norfolk. 

Anyone  who  has  lived  in  the  county  long  enough  knows  that  rainfall  is  much 
reduced  here  with  winds  from  between  about  S and  WNW  by  the  passage  of  the 
wind  over  the  lines  of  chalk  downs  in  southern  England,  over  the  heights  of 
Devon  and  Welsh  mountains,  and  over  other  high  ground  in  the  Midlands  and 
the  Pennines.  This  is  clear  from  comparisons  with  the  experience  of  places  on 
the  windward  side  of  these  ranges.  But  once  the  wind  veers  to  points  between 
NW  and  NE  or  E,  this  shelter  is  lost  and  the  showers  Norfolk  then  experiences 
in  cool  windstreams  become  frequent  and  heavier  and  sometimes  merge  into 
long  periods  of  almost  continuous  rain. 

The  fact  that  these  effects  seem  less  regular  when  much  longer-term  changes 
are  in  question  may  seem  surprising.  It  certainly  surprised  Thomas  Barker 
F.R.S.,  who  kept  a very  meticulous  weather  record  on  his  estate  at  Lyndon, 
Rutland  from  1733  to  1798.  Wridng  in  1775,  he  made  a remarkably  perceptive 
entry  in  his  records  while  noting  a general  increase  of  rainfall  since  the  1740’s. 
He  added:  “For  a good  many  years  past  the  seasons  have  been  in  general  wet, 
the  nature  of  the  East  winds  has  been  very  different  from  what  it  formerly  was. 
For  several  years  after  the  great  frost  of  1740  there  were  a great  many  Northeast 
winds  in  spring,  but  they  were  generally  cold  and  dry  ...;  but  for  the  last  ten 
years  the  East  winds  have  been  often  very  wet;  many  of  the  greatest  summer 
floods  came  by  rains  out  of  that  quarter,  and  many  times  it  came  rain  almost  as 
certain  as  the  winds  turned  East”  (Kington  1988;  Lamb  1977,  p.13,  1982, 
p.69).  We  now  know  that  both  decades,  the  1740’s  and  the  1770’s,  were  low  on 
SW  to  W and  high  on  E or  NE  winds.  The  difference  seems  to  have  been  a mat- 
ter of  the  prevailing  barometric  pressure  levels  and  the  geographical  positions 
frequented  by  the  low  pressure  systems  with  the  easterly  winds  in  those  two 
decades.  We  now  know  that  in  latitudes  50  to  60°N  over  Europe  condidons  in 
the  1740’s  were  very  frequently  anticyclonic,  whilst  cyclonic  acrivity  went  farther 

* * * 

* From  other  data:  the  daily  observations  made  at  that  time  by  the  astronomer  Tycho 
Brahe  on  a Danish  island,  Hven,  in  the  Sound  and  the  observations  recorded  in  the  logs  of  the 
ships  of  the  Spanish  Armada  in  1588. 
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Fig.  4 (a)  Number  of  Westerly  days  over  the  British  Isles  as  a whole  and  of  SW 
winds  in  London  (10-year  averages)  (b)  Rainfall  (10-year  averages)  at  East 
Midlands  sites  1726-1975  and  Norwich  cemetery  1836-1985. 


north,  with  south-westerly  winds  over  the  northernmost  Atlantic  pushing  the 
Arctic  sea  ice  belt  back  and  carrying  warm  water  far  into  the  Arctic.  In  the 
1770’s,  on  the  other  hand  low-pressure  conditions  were  much  more  prevalent 
over  western,  central  and  southern  Europe.  At  that  time  also  the  Arctic  sea  ice 
was  increasing  and  became  very  prominent  in  the  1780’s. 

The  long  term  frequency  of  our  SW  and  W winds  in  Norfolk  does  not  vary 
in  quite  the  same  way  as  the  westerlies  over  the  British  Isles  as  a whole.  That  is 
because  in  some  periods,  as  in  the  1970’s,  SW  and  W winds  may  still  be  preva- 
lent over  southern  Britain  when  many  depression  centres  are  passing  across,  or 
lingering  over,  these  islands  farther  north,  bringing  very  different  winds  over 
northern  pans. 


Trans.  Norfolk  Norwich  Nat.  Soc. 
1992  29(3). 


175 


The  year  to  year,  and  longer-term  behaviour  of  rainfall  in  this  region  can 
usefully  be  considered  by  looking  at  the  long  Norwich  cemetery  record  referred 
to  and  the  fine,  carefully  homogenized  record  for  East  Midlands  sites  from  1726 
(Craddock  1977),  which  is  based  on  one  and  the  same  site  in  the  Fenland  (Pode 
Hole)  since  1830.  The  records  for  Norwich  and  the  fens  are  very  strongly  corre- 
lated; but,  largely  because  the  heaviest  days’  rainfall  are  usually  quite  localised, 


Table  1:  Twelve  driest  and  wettest  years  in  the  Norwich  cemetery  record  1836- 
1985 


Driest  cases  Wettest  cases 

Year  Rainfall  Position  in  Year  Rainfall  Position  in 

inches  East  Midlands  inches  East  Midlands 

record  1726-1973  record  1726-1973 


1864 

14.62 

1841 

42.61 

1921 

15.50 

1 

1927 

36.08 

31 

1919 

17.41 

1872 

35.59 

9 

1959 

17.99 

15 

1912 

34.82 

32 

1863 

18.19 

1848 

34.25 

6 

1947 

18.84 

30 

1939 

34.07 

1933 

19.63 

33 

1852 

33.92 

17 

1949 

20.25 

1836 

32.88 

1976 

20.33 

1968 

32.84 

1887 

20.34 

2 

1882 

32.56 

25 

1901 

20.49 

1922 

32.17 

1943 

20.50 

1860 

32.00 

NOTE:  There  were  some  notable  groups  of  wet  years,  which  tended  to  be  more 
similarly  experienced  in  Norwich  and  the  East  Midlands.  The  Norwich  figures 
were  1836  32.88,  1841  42.61,  1843  31.94,  1848  34.25,  1849  30.30,  1852  33.92 
and  1872  35.59,  1876  31.69,  1877  30.51,  1878  30.81,  1879  31.26,  1882  32.56 
also  1922  32.17,  1924  30.58,  1927  36.08,  1930  28.44  and  1965  31.38,  1966 
28.24,  1968  32.84,  1969  28.43.  The  averages  of  these  four  groups  of  rather 
closely  spaced  wet  years  were  respectively  34.32,  32.07,  31.82,  30.32  inches. 
These  figures  compare  with  the  150-year  average  from  1836  to  1985  of  25.84 
inches,  standard  deviation  4.26. 

No  such  big  bunches  of  very  dry  years  departing  by  correspondingly  wide 
margins  from  the  over-all  mean  seem  to  be  present  in  this  150-year  record, 
although  several  occurrences  of  two  notably  dry  years  in  rather  close  succession 
are  noticeably:  1919  17.41,  1921  15.5  inches,  1933  19.63,  1934  22.17  inches 
and  1949  20.25,  1953  21.11,  1955  21.41  and  1959  17.99  inches  provide  the 
best  examples. 

However,  in  the  250-years’  long  East  Midlands  record  the  years  1739  to 
1749  do  appear  to  give  a remarkable  example  of  fairly  consistent  dryness  over 
the  eleven  years.  The  average  rainfall  for  those  years  was  recorded  as  19.07  inch- 
es as  compared  with  the  250-year  average  of  24.30  inches.  Only  one  year  (1747 
with  25.05  inches)  exceeded  (slightly)  the  250-year  average.  Three  years  showed 
under  17  inches,  the  driest  (1741)  with  16.32  inches. 
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the  lists  of  driest  and  wettest  years  at  these  two  sites  (Table  1)  are  not  closely 
alike.  However,  we  may  notice  that  in  both  records  the  wettest  of  all  years  pro- 
duced close  to  three  rimes  as  much  rainfall  as  the  driest:  the  ratios  of  the  extreme 
decade  and  longer  averages  in  the  period  which  both  records  cover  are  much 
smaller,  about  1.2  to  1.3  between  the  wettest  and  dnest  10-year  means  in  each 
place.  But  the  longer,  East  Midlands  record  - then  represented  by  Oundle  in  the 
“Soke  of  Peterborough”  and  Lyndon,  Rutland  - indicates  that  the  wettest  decade 
since  the  1720’s  had  about  40%  more  rain  than  the  driest,  and  even  the  wettest 
30-ycar  period  was  16%  wetter  than  the  driest  (both  cases  in  the  eighteenth  cen- 
tury). 

There  is  a good  deal  of  descriptive  information  from  various  places  in  this 
and  other  European  countries  from  earlier  times,  before  the  invention  and  wide 
distribution  of  meteorological  measuring  instruments.  The  appearance  that  some 
more  widely  ranging  extremes  were  occurring  in  the  earliest  decades  of  our  good 
instrument  records  means  that  this  earlier  information  may  also  be  important. 
(Both  the  thermometer  and  the  barometer  were  invented  between  1590  and 
1650.  Raingauges  began  to  come  into  use  in  Europe  in  the  seventeenth  century.) 
Information  about  the  nature  of  the  seasons  in  individual  years  back  to  earlier 
centuries  is  found  in  many  kinds  of  annals,  chronicles,  diaries,  account  books 
and  legal  records.  It  includes  mention  of  frosts,  often  with  dates,  mild  winters, 
dry  and  wet  summers,  and  (particularly)  everything  that  affected  farms  and  food 
supply,  travel,  and  exports  and  imports.  Much  can  also  be  gleaned  from  mea- 
surement studies  of  tree  rings,  including  X-ray  examination  and  wood  density 
studies  (Schweingrubcr  et  al.,  1978).  From  all  these  resources  it  is  clear  that 
there  were  indeed  further  swings  of  the  climate,  including  some  greater  ones,  in 
the  centuries  before  our  meteorological  measurements  began.  It  is  well  therefore 
that  the  information  is  in  many  cases  abundant  enough  to  make  possible  recon- 
structions of  the  weather  and  wind  patterns  then  prevailing  with  reasonable  cer- 
tainty. Indeed  some  tests  of  the  reliability  in  the  late  seventeenth  century  of  this 
mapping  technique  have  been  applied. 

Within  the  space  of  this  address,  we  can  only  mention  a few  examples  of  the 
evidence.  One  of  these  was  the  great  winter  of  1683-4,  which  is  indeed  covered 
by  the  long  series  of  temperatures  measured  in  central  England  since  1659,  care- 
fully homogenized,  after  thorough  searching  of  the  instrumental  records,  by 
Manley  (1974).  The  mean  January  temperature  for  1684  of  -3°C,  and  the  values 
for  all  the  months  of  that  winter,  show  that  it  was  more  extreme  than  any  winter 
since.  There  were  broad  belts,  perhaps  three  miles  (5  km)  wide,  of  fast-moving 
pack-ice  on  both  sides  of  the  English  Channel  in  February  and  the  ports  there 
and  in  the  Thames  estuary  were  closed  for  at  least  two  weeks.  Off  the  coast  of 
Holland  the  ice  extended  about  16  km.  There  was  also  reported  to  be  ice  on  the 
coast  of  Suffolk.  The  ground  was  very  deeply  frozen,  in  some  parts  of  England  to 
“Three  to  four  feet”  or  more  than  a metre  depth.  There  had  been  other  winters 
to  rank  with  that  one  in  1607-8  and  in  the  1430’s,  possibly  also  in  1564-5.  And 
in  1657-8  there  was  snow  on  the  ground  at  one  point  (near  Aldenham)  in 
Hertfordshire  for  102  days.  More  examples  of  very  long  snow-cover  could  be 
cited.  And  it  should  perhaps  be  mentioned  that  similar  records  (Pfister,  1984), 
meticulously  kept,  in  Switzerland  provide  many  examples  of  winters  there  with 
snow  lying  longer  in  the  seventeenth,  and  some  years  in  the  eighteenth,  century 
than  at  any  rime  since. 
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But  only  a little  before  that,  the  first  half  of  the  sixteenth  century  seems  from 
the  meticulous  records  kept  in  Switzerland  and  neighbouring  areas  in  central 
Europe  to  have  been  rather  warmer  than  any  pan  of  our  own  century,  and  the 
whole  year  1540  in  particular  was  probably  warmer  than  any  year  in  our  own 
times.  There  were  actually  two  more  remarkable  warm  years  as  late  as  1604  and 
1605,  when  the  generally  cold,  disturbed  climate  of  the  Little  Ice  Age  period  so- 
called,  with  great  advances  of  the  glaciers,  had  already  been  under  way  for  over  a 
generation  (Pfister,  1984).  The  heat  of  the  years  1665  and  1666  is  also  a well 
recorded  fact  just  a few  years  before  some  of  the  most  outstanding  frosts  of  his- 
tory. 

Another  aspect,  first  noticed  in  the  English  temperatures  from  the  late  sev- 
enteenth century  ( loc . cit.),  but  also  apparent  in  descriptive  accounts,  is  the  close 
successions  of  very  cold  and  amazingly  mild  winters  in  that  and  some  earlier  cen- 
turies (Lamb,  1982,  1988),  and  as  far  away  as  European  Russia  (Buchinsky, 
1957),  as  can  also  be  derived  from  tree-ring  studies  in  central  Europe  (Pfister, 
1985).  An  example  of  the  information  available  and  the  meteorological  analysis 
derived  from  it  is  given  by  the  map  of  the  extreme  conditions  prevailing  in  the 
summer  of  1315  (Fig.  5),  which  has  had  no  apparent  parallel  since  1700  unless 
perhaps  in  1816,  the  so-called  “year  without  a summer”  which  followed  the 
huge  volcanic  eruption  of  Tambora  in  the  East  Indies  in  1815.  Also  perhaps 
unparalleled  since  1700  is  the  winter  of  1431-2  portrayed  in  Fig.  6.  Because  dra- 


Fig.  5 Summer  “weather”  observations  in  1315. 
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Fig.  6 Winter  “weather”  observations  in  1431-2 

made  seasons  like  these  tend  to  be  recorded  in  many  sorts  of  connection,  we 
have  abundant  reports  also  of  other  summers  and  winters  about  those  times. 
From  these  reports  we  discover  (Lamb,  1987)  that  several  summers  in  the 
decade  1310-19  and  half  the  summers  in  the  1340’s  apparently  had  similar  char- 
acteristics to  1315,  and  seven  or  eight  of  the  winters  in  the  1430’s  had  predomi- 
nantly severe  cold-weather  wind  patterns,  as  in  1431-2.  The  probable  decade 
average  barometric  pressure  and  wind  patterns  of  those  decades  are  not  unlike 
the  patterns  shown  in  Figs.  5 and  6.  It  is  interesting  that  the  great  medieval 
plague,  the  Black  Death,  swept  Europe,  killing  off  at  least  a third  of  the  popula- 
tion overall,  in  1348-9;  and  there  was  famine  and  much  sheep  and  cattle  disease 
in  the  decade  1310-19.  There  was  also  plague  and  much  social  unrest  all  the  way 
from  Scotland  to  eastern  Europe,  and  trouble  with  (presumably  hungry)  wolves 
even  in  England,  in  the  1430’s. 
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In  searching  for  further  meteorological  implications  of  these  - to  us  strange  - 
weather  patterns,  in  order  to  get  possible  evidence  of  verification,  I was  led  to 
something  in  the  history  of  Norfolk  that  deserves  further  examination  and  may 
be  revealing.  There  is  some  mystery  as  to  why  this  county  suffered  a higher  pro- 
portion of  depopulated  and  lost  medieval  settlements  than  most  of  England  in 
the  late  middle  ages.  The  historical  study  of  the  problem  by  Allison  (1955) 
noticed  that  the  dates  at  which  places  were  abandoned  indicate  that  the  Black 
Death  had  little  to  do  with  it:  26%  of  the  abandonments  had  taken  place  before 
1316  as  part  of  a gradual  retreat  from  the  marginal  settlements.  But  the  main 
wave  of  abandonments  came  in  the  fifteenth  century,  generally  from  settlements 
smaller  and  poorer  than  those  abandoned  earlier.  The  evidence  for  that  was  in 
the  tax  records  of  1334  when  compared  with  earlier  lists,  and  that  from  1432 
onwards  tax  reductions  were  allowed  “for  the  relief  of  poor  towns*  ...  desolate, 
wasted  or  destroyed,  or  overgreatly  impoverished”  places.  The  tax  reductions 
allowed  at  about  fifty  of  these  places  in  Norfolk,  abandoned  during  the  main 
wave  of  retreat  by  1449,  generally  amounted  to  between  20  and  40%,  but  in  one 
case  57%. 

If,  in  fact,  the  severe  impoverishment  of  so  many  places  on  the  most  difficult 
sites  and  soils  in  Norfolk  was  due  to  the  climate,  the  frequency  suggested  by  our 
maps  of  weather  hereabouts  dominated  by  cyclonic  disturbance  centres  coming 
from  the  Atlantic  and  lingering  close  to  our  area  might  explain  it.  These  maps 
suggest  that,  summer  and  winter,  there  were  very  frequent  winds  from  between 
NW  and  E,  and  that  in  some  cases  these  were  the  most  frequent  winds  and 
accompanied  by  prevailing  low  pressure.  That  is  a situation,  only  occurring 
more  briefly  in  our  times,  which  excludes  the  geographical  factors  that  mark  this 
out  as  a generally  dry  region  in  the  present  climate.  Norfolk  would  lose  the  “rain 
shadow”  influences  referred  to  earlier,  and  instead  the  winds  suggested  would 
blow  repeatedly  from  the  North  Sea  and  often  in  (low  pressure)  disturbed  situa- 
tions. 

We  learn  from  John  Evelyn’s  account  (Bray,  1907)  and  other  diaries  that  in 
the  seventeenth  century,  by  contrast,  East  Anglia  was  then  so  dry  that  sand- 
storms “like  the  sands  of  Libya”  were  blowing  the  soil  away  and  depositing  it 
some  miles  down-wind  “overwhelming  some  gentlemen’s  whole  Estates”.  And, 
as  argued  above,  it  now  seems  that  at  certain  other  times,  in  the  fourteenth  and 
fifteenth  centuries,  Norfolk  may  have  turned  into  a very  wet  place.  This  succes- 
sion of  opposite  extremes  could  have  had  something  to  do  with  the  changes  of 
land-use  in  the  Breckland  from  tillage  in  the  thirteenth  century  to  sheep  and  rab- 
bits - and  later,  over  extensive  areas,  to  near-desert. 

In  the  fourteenth  and  fifteenth  centuries,  which  this  evidence  suggests  may 
have  had,  at  least  in  part,  a much  wetter  climate  in  Norfolk  than  now,  the  histo- 
rian G.M.  Trevelyan  (1928,  p.263)  tells  that  the  rivers  of  England  were  generally 
bigger  and  more  navigable  than  in  the  present  century.  This  must  refer  mainly  to 
the  rivers  of  the  lowlands  of  central  and  eastern  England  with  catchments  that 
are  generally  sheltered  from  the  west  and  exposed  to  easterly  winds.  At  three 
places  in  Norfolk  (Davison,  1988  and  personal  communication,  1986)  where  vil- 
lages were  declining  in  the  fifteenth  century,  and  for  which  court  records  of  local 

* * * 

‘Here  “towns”  was  presumably  still  being  used  with  the  old  meaning  of  “farm  settlement” 
(Norse  “tun"). 
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legal  proceedings  from  that  time  survive,  complaints  of  drainage  difficulties 
became  a prominent  cause  of  prosecutions  between  1400  and  1450  and  again 
between  1516  and  1529  and  1552  to  1564.  The  evidence  is  fullest  in  the  case  of 
Rougham  (52°  45’N,  0°  43’E),  where  much  field  evidence  (earthworks)  of  the 
old  village  site  also  remains.  These  items  at  least  seem  to  supply  some  indirect 
verification  of  unaccustomed  wetness. 

It  is,  of  course,  much  better  known  that  the  medieval  Fenland  landscape  was 
dominated  by  water  in  the  eleventh  century  and  in  some  pans  until  the  drainage 
by  Dutch  engineers  in  the  1600’s.  But  that  was  a great  incursion  of  the  sea, 
which  had  apparently  advanced  and  retreated  over  long  periods  in  earlier  times. 
The  cause  seems  likely  to  have  been  a modest  rise  of  world  sea  level  to  perhaps 
40  to  50  cm  above  present  (Lamb,  1988,  p.91)  due  to  glacier  melting  during  the 
warmer  centuries  in  Roman  and  Viking  to  high  medieval  times  - with  a some- 
what cooler  period  and  lower  sea  level  around  AD450  to  800  in  between. 

The  building  of  sea  banks  in  Roman  times  and  later  to  hold  out  the  sea  from 
the  fens,  and  the  adventures  of  Hcreward  the  Wake  and  the  late  arrival  of  the 
Norman  conquest  at  Ely,  are  parts  of  that  story. 

The  formation  of  the  Norfolk  Broads,  seemingly  mainly  in  late  medieval 
times,  brings  us  to  another  factor  in  the  changing  fortunes  of  our  coastline:  the 
historical  variations  of  stormincss.  It  seems  that,  given  the  destruction  of  the  nat- 
ural land  surface  by  peat  cutting,  the  crucial  destructive  events  were  sea  floods 
that  broke  in  with  a heightened  frequency  of  severe  storms,  especially  in  the  thir- 
teenth century.  This  was  when  the  medieval  warm  climate  was  breaking  down 
through  greater  cooling  of  the  Arctic  at  a time  when  sea  level  was  relatively  high 
after  several  warm  ccntuncs  over  much  of  the  world,  causing  melting  of  the  glac- 
iers. This  climax  of  stormincss  stands  out  in  the  record  of  sea  floods  on  our 
coasts  (Fig.  7)  even  when  all  allowance  is  made  for  incompleteness  of  the 
records  that  have  survived.  One  of  the  worst  of  these  floods  was  in  1287  when 
St.  Bcnct’s  Abbey  was  reached  and  flooded  by  the  tide  and  the  Zuyder  Zee  in 
the  Netherlands  was  enlarged.  In  the  following  February  a great  flood  in  the 
Channel  largely  destroyed  Rye  and  Winchelsea  on  the  south  coast  of  England. 
Norfolk  has  lost  a small  part  of  its  land  surface  to  North  Sea  storm  floods  and 
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Fig.  7 Numbers  of  severe  sea  floods  per  century. 
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erosion  since  the  Middle  Ages,  and  has  seen  some  shipwreck  disasters  on,  and 
near,  its  coast  (Defoe,  1724;  Lamb,  1991),  but  losses  of  land  and  of  lives  from 
the  coasts  of  Denmark,  the  Netherlands  and  northwest  Germany  have  been 
more  serious.  In  the  worst  sea  flood  storm  disaster  in  this  pan  of  the  world  in 
this  century,  at  the  end  of  January  1953,  when  about  350  people  in  this  country 
died,  mostly  in  the  Thames  estuary  and  in  a ferry  which  sank  in  the  North 
Channel  between  Scotland  and  Ireland,  there  were  over  1,600  deaths  in  the 
Netherlands. 

There  was  another  climax  of  storminess  in  the  times  of  coldest  climate 
between  the  late  1500’s  and  about  1800  or  later,  which  does  not  show  up  so 
clearly  in  the  sea  floods  chronology,  presumably  because  the  general  sea  level 
was  lower  - as  we  know  from  early  tide  gauge  measurements.  Nevertheless,  a 
study  of  the  severest  storms  of  which  we  have  direct  reporting  (Lamb,  1991)  - 
weather  records  and  some  instrument  measurements  - leaves  little  doubt  of  the 
notable  severity  of  the  winds  at  that  time.  And  there  were  at  least  three  or  four 
extremely  severe  sea  floods  with  losses  of  land  and  great  loss  of  life,  mainly  in 
Denmark,  Germany  and  Holland,  in  1570,  1634  and  1717,  which  were  not 
important  in  eastern  England.  At  this  phase  of  the  climate  there  were  huge  trou- 
bles with  blowing  sand  - even  far  inland  in  the  Breckland  - and  shifting  dunes  on 
all  the  lowland  coasts  of  northwest  Europe.  And  no  doubt  coastal  erosion  was 
severe,  as  was  the  growth  of  headlands  due  to  the  erosion  materials  carried  along 
by  the  waves  and  water  currents:  there  is  a closely  documented  case  at  Skagen, 
the  northernmost  tip  of  Denmark  (Hauerbach  et  al.,  1983;  Lamb,  1991  loc.  cit., 
pp.  19-20).  This  cold-climate  phase  of  intensified  storminess  can  probably  be 
attributed  to  the  enhanced  temperature  contrast  then  existing  between  northern 
latitudes  and  the  seas  as  far  north  as  the  Azores  and  Biscay. 

As  we  all  are  now  aware,  we  are  experiencing  another  time  of  increased 
storminess.  And  this  time,  as  in  the  thirteenth  century,  world  sea  level  is  high 
after  a hundred  years  or  so  of  warmer  climate.  So  the  sea  flood  risk  is  high,  as  it 
was  then. 

We  have  not  had  space  to  go  into  causes  of  climatic  change  in  this  address. 
But,  once  again,  the  thermal  contrast  between  our  latitudes  and  the  tropics  is 
increased  because  the  Arctic  - at  least  in  the  North  America  to  Atlantic  sector  - 
has  not  warmed  up  since  1950  as  the  lower  latitudes  have. 

Everyone  who  reads  the  newspapers  and  uses  TV  or  radio  has  by  now  surely 
heard  of  the  so-called  “greenhouse  effect”  of  carbon  dioxide  and  certain  other 
gases  in  the  Earth’s  atmosphere,  produced  by  human  activities,  and  the  warnings 
about  possible  global  warming  as  a result  - according  to  many  sober  estimates 
enough  rise  of  temperature  to  shift  the  main  crop  zones  and  rainfall  and  desert 
belts  significantly  by  the  middle  of  the  next  century.  Another  consequence  might 
be  a rise  of  sea  level  such  as  to  submerge  the  Maidive  Islands  altogether  and 
much  of  some  other  countries  such  as  the  Netherlands,  Belgium  and 
Bangladesh.  The  consequences  in  East  Anglia  both  in  flooding  and  erosion  of 
the  coast  might  be  unmanageable,  as  would  the  predicted  changes  for  agricul- 
ture, tillage  and  food  production  in  many  countries,  and  hence  the  dislocation  of 
international  trading.  The  protection  of  London  and  many  others  among  the 
world’s  biggest  cities  from  sea  flood  in  the  situations  envisaged  could  be  difficult 
if  not  impossible.  Confronted  by  such  disastrous  possibilities,  and  so  soon,  it  is 
right  to  issue  such  warnings  and  alert  the  general  public.  The  drastic  implica- 
tions must  be  treated  very  seriously  indeed. 
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There  is  general  agreement  that  the  attribution  of  some  general  warming 
effect  to  increased  carbon  dioxide  is  scientifically  sound.  But  up  to  the  present 
there  is  no  conclusive  evidence  that  on  a global  scale  and  in  the  real  world  the 
net  effect  is  as  expected.  This  may  be  due  to  the  complexities  of  heat  absorption 
and  redistribution  in  the  atmosphere,  oceans,  the  solid  earth,  and  the  biosphere. 
Such  things  might  at  least  delay  the  effects.  Or  it  may  be  due  to  difficulties  with 
the  observation  data  and  the  importance  of  somewhat  neglected  factors  such  as 
solar  variations  and  volcanic  activity.  Whatever  the  reason,  some  of  the  results 
found  from  recent  data  analysis  are  somewhat  surprising  (Lamb,  1988,  pp.4-5, 
175-192,  339-351). 

There  is,  however,  no  such  difficulty  about  interpreting  the  implications  of 
the  depiction  of  ozone  in  the  upper  atmosphere,  and  of  the  ozone  hole  discov- 
ered over  the  Antarctic  by  Farman  in  1984  and  the  similar  feature  which  has 
appeared  over  the  Arctic  more  recently.  These  features  are  fairly  clearly  attribut- 
able to  Man.  Both  have  been  present  every  year  since  and  must  be  expected  to 
constitute  a new  risk  to  health  on  a very  wide  scale. 
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A FURTHER  NOTE  ON  FLOATING  WATER-PLANTAIN, 
LURONIUM  NATANS , IN  NORFOLK 
R.  J.  Driscoll 

Castle  Museum,  Norwich,  NR1  3JU 

In  an  earlier  note  Driscoll  (1985)  showed  that  Luronium  natans  (L.)  Raf.,  a 
species  which  had  only  ever  been  recorded  from  two  sites  in  Norfolk,  was  now 
restricted  to  dykes  draining  a small  area  of  marshland  at  Potter  Heigham.  The 
marshes  were  under  arable  cultivation  and  improvements  in  land  drainage  were 
threatening  the  dyke  flora,  including  L.  natans. 

Driscoll  described  the  transplantation  of  three  clumps  of  L.  natans  from  a 
‘threatened’  dyke  to  a nearby  dyke  draining  grazing  marsh  in  1983  and  on  the 
basis  of  observations  made  in  1984  suggested  that  the  transfer  had  been  successful. 

This  conclusion  was  premature.  By  1987  the  transplanted  clumps  of  L. 
natans  had  disappeared  without  trace  and  the  dykes  in  which  they  had  been 
planted  were  overgrown  by  Eleogiton  fluitans  (L.)  Link.  Ironically  plants  in  the 
original  dykes  were  doing  rather  well. 

Since  1987  the  marshes  at  Potter  Heigham  have  been  converted  from  arable 
use  to  grass  (hay)  and  the  summer  water  level  in  the  dykes  has  been  raised.  A 
survey  of  the  dykes  was  commissioned  by  English  Nature  in  1991  to  monitor  the 
status  of  L.  natans.  The  survey  found  that  the  aquatic  vegetation  in  many  of  the 
dykes  was  rapidly  recovering  after  several  years  of  insidious  impoverishment.  L. 
natans  was  found  in  three  dykes  and  was  the  dominant  species  in  a twelve  metre 
stretch  of  one  dyke,  covering  the  surface  from  bank  to  bank  (Driscoll  1992).  As 
long  as  the  current  management  regime  continues  the  future  of  L.  natans  at 
Potter  Heigham  is  probably  secure. 
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NORFOLK  PLANT  NOTES  1991 
Gillian  Beckett 

Bramley  Cottage,  Stanhoe,  King’s  Lynn  PE31  8QF 

Alec  Bull 

‘Hillcrest’,  Main  Road,  East  Tuddenham,  Norfolk  NR20  3JJ 

The  year  has  been  dominated  by  two  widely  different  events.  On  the  one  hand, 
there  has  been  yet  another  year  of  drought,  which  can  only  add  to  the  trauma 
suffered  by  many  trees  and  shrubs,  and  to  the  drying  out  of  our  already  evapo- 
rated wetlands.  On  the  other  hand,  the  plants  which  flourish  briefly  round  the 
margins  of  drying  ponds  had  a very  good  year.  In  the  west,  Heather  Williamson 
and  her  son  John  have  been  taking  advantage  of  relatively  low  water  levels  to 
thoroughly  explore  some  of  the  dykes  and  drains  along  the  Fen  margin,  and  also 
the  Nar  river.  Their  search  has  revealed  the  widespread  occurrence  of  the  less 
common  hornwort,  Ceratophyllum  submersum,  and  more  of  the  group  sometimes 
known  as  ‘grass  leaved  pots’  than  had  been  expected.  The  first  West  Norfolk 
record  of  Lenina  minuta  is  reported  from  Blackborough  End.  A specimen  has 
been  deposited  in  Norwich  Castle  Museum  herbarium,  accession  no.  65.992. 
Top  soil  dumped  on  an  area  of  Pcntncy  West  Common  produced  the  alien, 
Erucastrum  gallicum  in  its  second  west  Norfolk  site,  so  HW  made  enquiries  as  to 
where  the  soil  had  come  from.  It  appears  that  it  had  been  carted  from  a new 
school  site  at  Mcthwold  Hythe,  which  happens  to  have  been  where  the  first  west 
Norfolk  record  of  the  species  was  made  by  GB  as  long  ago  as  1965! 

The  BSBI/BRC  scarce  species  survey  has  been  boosted  by  many  records 
from  the  published  list  of  plants,  of  which  more  than  sixty  species  have  so  far 
been  recorded  in  our  own  Flora  survey. 

The  second  important  event  came  at  the  very  end  of  the  year,  with  the  publi- 
cation of  the  New  Flora  of  the  British  Isles  by  Clive  Stace  (1991),  a work  which 
is  likely  to  become  the  ‘Botanists  Bible’  for  many  years  to  come.  It  includes 
many  more  alien  species  than  any  previous  work,  using  the  criteria  that  ‘to  merit 
inclusion,  an  alien  must  be  either  naturalised  (i.e.,  permanent  and  competing 
with  other  vegetation,  or  self  perpetuating)  or,  if  a casual,  frequently  recurrent  so 
that  it  can  be  found  in  most  years.  Thus  it  is  hoped  that  the  book  will  include 
“all  taxa  that  the  plant  hunter  might  reasonably  expect  to  find  in  the  wild  in  any 
one  year.” 

All  records  given  follow  the  order  and  nomenclature  of  Stace  (1991). 

Ceterach  officinarum  TF63  Heacham  PC 

Ceratophyllum  submersum  TF60  Stow  Bardolph;  TF61  West  Winch  and 
Wormegay;  TF62  North  Wootton,  TF63  Snettisham;  TF71  East  Winch;  TF84 
Burnham  Overy;  All  HW;  TG04  Cley  KKH 

Eranthis  hyemalis  TG20  increasing  and  spreading  widely  in  Thorpe  St.  Andrew 
burial  ground  ETD 

Fumaria  parviflora  TL69  TL79  Feltwell  DS 

Quercus  petraea  TG04  several  scattered  trees  in  park  at  Bayfield  Hall  ER 

Alnus  incana  TG20  Norwich,  several  young  trees  in  pavement  crack  near  parent 

ETD 

Alnus  cordata  TG20  Norwich,  ten  tiny  trees  in  pavement  crack  near  parent  ETD 
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Phytolacca  acinosa  TF7  2 Massingham  EC 
Atriplex  longipes  TF63  Snettisham  I&FS 

A.  littoralis  TG01  appeared  as  a garden  weed  East  Tuddenham  ALB 
Sarcocomia  perennis  TG04  near  the  old  Watch  House  toward  Blakeney  Point 
ALB 

Salicomia  pusilla  TG04  near  the  old  Watch  House  toward  Blakeney  Point  ALB 
Minuartia  hybrida  TF61  Watlington  RP 

Stellaria  pallida  TG20  Norwich,  abundant  and  widespread  near  river  footpath 
near  Foundry  Bridge  ETD 

Lychnis  coronana  TG20  Norwich,  abundant  as  a street  weed  in  one  area  ETD 
Lychnis  flos-cuculi  TG42  Horsey,  white  flowered  form  abundant  by  track  to 
dunes  RML 

Persicaria  bistorta  TG10  Wymondham  1988,  since  when  destroyed  by  sewerage 
works  SE  (confirmatory  slide  sent) 

Persicaria  amplexicaulis  TG20  Norwich, scrambling  over  rough  herbage  on  edge 
of  spinney  ETD,  Det.  D.H.  Kent 

Polygonum  oxyspermum  TF63  Snettisham,  shingle  bank  MK 
Polygonum  rurivagum  TG20  Norwich,  in  quantity  in  trampled  road  verge  ETD 
Fallopia  baldschuanica  TM17  Roydon  AC;  TG20  Norwich  ETD.  A long-persist- 
ing garden  escape. 

Rumex  maritimus  TF61  Tottenhill;  TF71  Gayton  Thorpe  HW 

Populus  nigra  TF61  Setch  ER.  One  or  two  other  records  have  come  in  which 

need  checldng. 

Matthiola  longipetala  ssp.  bicomis  TG20  Norwich,  self-sown  for  two  years  by  old 
railway  track.  ETD 

Cochlearia  danica  TM39  Loddon  two  large  colonies  Loddon  beside  A 149;  TL98 
colony  by  A1 1 just  east  of  Bridgham  Heath.  RML 
Erucastrum  gallicum  TF7 1 Pentney  West  Common  KAB 

Sedum  spurium  TG20  Norwich,  large  patch  of  long  standing  in  sheltered  waste 
area  ETD 

Spiraea  salicifolia  TG20  Norwich,  thicket  in  an  overgrown  area  near  Eaton 
chalkpit  ETD.  Recorders  please  note  that  this  needs  separating  from  S.x  rosalba 
Fragana  muricata  TG20  Norwich,  several  plants  on  disused  railway  track  near 
Hall  Road,  and  two  others  at  each  of  two  nearby  sites  ETD 

Duchesnia  indica  TG20  Norwich,  common  garden  weed  in  a large  garden  in 

Eaton  Road  and  a second  garden  in  Mile  End  Road  ETD 

Alchemilla  mollis  TGI 2 Reepham  RR;  TG20  Norwich  ETD 

Rosa  agrestis  TG20  Norwich,  five  small  bushes  near  Eaton  chalkpit,  four  of 

which  were  close  to  the  site  of  the  first  bush,  discovered  in  1977,  which  has  since 

been  destroyed,  ETD 

Cotoneaster  franchetii  TG01  East  Tuddenham,  a well  grown  fruiting  bush  on 
waste  ground  ALB 

Robinia  pseudoacacia  TG20  Norwich,  three  small  trees  near  Eaton  chalkpit,  also 
three  others  on  waste  ground  in  the  city,  1.6  m high,  presumably  from  suckers 
ETD 

Colutea  arborescens  TG20  Norwich,  two  sizeable  saplings  in  pavement  by  parent 
tree,  ETD.  One  or  two  other  records  of  this  sp.  received,  but  needs  to  be  differ- 
entiated from  the  more  shrubby  C.x  media  widely  grown  in  gardens  and  some- 
times escaping. 


186 


Lathyrus  mssolia  TF63  Snettisham,  abundant  on  Wash  marshes  JA;  TL89 

Stanford  Battle  Area  PWL 

Epilobium  roseum  TGI 3 Aldborough  MAB 

Euphorbia  x pseudovirgata  TF60  Downham  Market  RP 

Euphorbia  cyparissias  TG01  East  Tuddenham,  roadside  colony  where  it  has  been 
for  many  years  ALB;  TG20  Norwich,  recorded  in  three  of  the  four  tetrads  ETD 
Vitis  vinifera  TF63  Snettisham,  well  naturalised  on  shingle  bank  I&FS 
Radiola  linoides  TG42  Winterton  Dunes,  abundant  around  the  toad  ponds  SP; 
Petch  & Swann  (1968)  give  “Winterton-Horsey  dunes,  EAE,  1933.”  Has  not 
been  recorded  there  for  58  years. 

Scandix  pecten-veneris  TF91  Dereham  B&DM;  TG10  Wymondham  MBH&SS 
Petroselinum  segetum  TF61  Saddlebow  HW 

Torihs  nodosa  TF93  Wighton  church  SP;  TG31  St.  Bcnets  Abbey  frequent  on 

the  ruins  of  the  Great  Church  RML 

Ballota  nigra  TG22  Coltishall,  with  white  flowers  RML 

Marrubium  vulgare  TL89  frequent  on  ruins  of  Bodncy  Lodge  ALB;  TG20 
Norwich,  on  abandoned  allotments  ETD 

Mentha  x gentilis  TG20  Norwich,  roadside  weed  in  one  area  ETD 
Lavendula  x intermedia  TG20  Norwich,  eight  seedling  bushes  found  as  pavement 
weeds  in  four  widely  separated  areas  ETD.  This  fertile  hybrid  is  the  common 
garden  form 

Euphrasia  anglica  TF91  Frequent  at  Hoc  Rough  SP 

Parentucellia  viscosa  TF91  East  Dcrcham  railway  yard  B&DM;  TL99  also  still  at 

Stow  Bedon  station  where  it  has  been  since  1977  TL99 

Utriculana  vulgaris  TG31  Cromc’s  and  Cockshoot  Broads,  1990  GK 

Campanula  glomerata  TF80  South  Pickenham,  at  a new  site  JEG 

Campanula  trachelium  TF90  Bradenham  DMM 

Galium  parisiense  TF80  Great  Cressingham  GB 

Viburnum  lantana  TF63  Snettisham,  a single  bush  away  from  habitation  JA 
Lonicera  xylosteum  TG30  Brundall  SP 
Tragopogon  porrifolius  TGI 3 Itteringham  MAB 

Solidago  gigantea  TG20  Norwich,  very  common  in  riverside  vegetation  at  Thorpe 
St.  Andrew  ETD 

Erigeron  glaucus  TG20  Norwich,  common  as  a street  weed  in  one  area  ETD 
Artemisia  absinthium  TG20  Norwich,  many  on  tip  by  Gypsy  site,  with  many 
seedlings  later  in  year  ETD 

Artemisia  campestris  TG01  East  Tuddenham  astonishingly  a young  plant 
appeared  in  a lay-by  near  the  A47  ALB 

Senecio  cineraria  TG20  Norwich,  growing  from  seedlings  as  a weed  in  two  places 
ETD 

Elodea  nuttallii  TF61  Tottenhill,  the  second  West  Norfolk  record  HW 
Potamogeton  alpinus  TF  61  West  Winch  HW 
Potamogeton  fries u TL69  Hilgay;  TF61  Setch  HW 
Potamogeton  obtusifolius  TF61  West  Winch  HW 

Potamogeton  x salicifolius  TL  69  Hilgay  HW,  first  West  Norfolk  record 

Najas  marina  TF31  Upton  Broad;  TF42  Hickling  and  Martham  Broads,  all 

1990  GK 

Scirpus  maritimus  TGI 2 Blickling  Lake,  where  it  must  have  been  introduced,  fre- 
quent MK 


Trans.  Norfolk  Norwich  Nat.  Soc. 
1992  29(3). 


187 


Poa  angustifolia  TM28  Denton,  roadside  verge  ALB.  Rarely  recorded  but  AC 
says  “Common  on  roadside  verges  in  south  Norfolk”. 

Poa  compressa  TG20  Norwich,  frequent  still  on  old  walls  near  the  Cathedral 
ETD 

Poa  palustris  TG20  Norwich,  Mile  Cross  marshes  two  plants  ETD 
Poa  bulbosa  TM18  Fair  Green,  Diss,  a large  colony  perhaps  transported  there  in 
the  feet  of  sheep  etc,  when  the  traditional  fairs  were  still  being  held;  TG04 
Blakeney  “where  it  is  known  as  ‘Mahogany’”  KF 

Phalaris  aquatica  TF92  Fakenham  MK,  first  West  Norfolk  record;  TF50 
Magdalen  RP,  second  West  Norfolk  record. 

Lagarus  ovatus  TG20  Norwich,  growing  as  a self-sown  pavement  weed  ETD 
Anisantha  rigida  TG21  Heggatt  Hall,  NNNS  meeting 

Ceratochloa  carinata  TG20  Norwich,  large  tussock  on  abandoned  allotment  ETD 
Brachypodium  pinnatum  TM18  Diss  cemetery  AC 

Echinochloa  crus-gallii  TG20  Norwich,  many  flowering  spikes  round  a tree  in  city 
centre  ETD 

Scilla  bifolia  TG20  Norwich,  a few  seedlings  in  Thorpe  burial  ground  ETD 
Scilla  sibirica  TG20  Norwich,  Rosary  burial  ground  abundantly  spreading  from 
seed  ETD 

Chionodoxia  forbesii  TG01  East  Tuddenham  strong  colony  beside  field  of  inten- 
sive grassland,  the  only  ‘flowering’  plant,  and  has  been  there  at  least  17  years 
ALB;  TG20  Norwich,  Rosary  burial  ground  ETD 

Narcissus  poeticus  TG20  Norwich,  widely  naturalised  in  woodland  at  Carrow 
ETD 

Allium  neapolitanum  TG20  Norwich,  hundreds  of  flowering  spikes  in  a grassy 
hedgebank  at  top  of  Eaton  Hill,  seen  for  more  than  25  years  but  not  examined 
before  ETD 

Anacamptis  pyramidalis  TM28  Plant  with  white  flowers  in  Alburgh  churchyard 
RML. 

It  will  be  appreciated  that  there  are  a large  number  of  records  from  the 
streets  of  Norwich  in  the  above.  Our  thanks  are  due  to  ETD  who  undertook  to 
completely  cover  the  four  city  tetrads  in  a single  year  for  the  Flora  project. 
Many  other  records  have  been  received,  some  of  which  ought  perhaps,  to  have 
been  included  here.  Our  apologies  to  anyone  who  feels  left  out. 
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A CHECKLIST  OF  THE  MOSSES  OF  NORFOLK 
C.R.  Stevenson 

111,  Wootton  Road,  King’s  Lynn,  PE30  4DJ 

The  following  is  an  alphabetical  listing  of  those  species  of  moss  which  have  been 
recorded  from  Norfolk,  either  from  one,  or  both  of  the  vice  counties  (East 
Norfolk  VC  27,  & West  Norfolk  VC  28),  up  until  the  present  date.  Where  a 
plant  has  only  been  recorded  from  one  of  the  vice-counties,  then  the  vice-county 
number  is  given. 

The  list  is  based  on  the  publications  of  Petch  & Swann  (1968),  Swann 
(1975),  Swann  (1982),  and  Corley  & Hill  (1981).  More  recent  records  have 
been  published  in  these  Transactions  (Swann  1983;  1984;  Stevenson  1991),  and 
the  July  issues  of  the  Bulletin  of  the  British  Btyological  Society,  (1982-1991). 

Inevitably  there  have  been  discrepancies  in  recording:  for  example,  some 
species  arc  listed  in  the  British  Bryological  Society  Census  Catalogue  (Corley  & 
Hill  1981)  which  are  not  listed  anywhere  in  the  other  literature.  On  the  other 
hand,  some  plants  listed  by  Swann  are  not  supported  by  vouchers  in  the  British 
Bryological  Society  Herbarium  (the  proof  required  in  order  to  get  into  the 
Census  Catalogue).  In  order  to  clarify  the  position  for  future  recording,  records 
which  arc  not  supported  by  a voucher  in  the  BBS  Herbarium,  have  been  exclud- 
ed from  this  list,  even  where  their  occurrence  in  the  County  is  extremely  proba- 
ble. 

A supplementary  list  is  given  of  species  which  have  not  been  seen  for  a long 
time,  and  whose  continued  existence  may  therefore  be  suspect. 

The  primary  nomenclature  used  is  that  employed  by  Petch  & Swann  (1968) 
and  Swann  (1975),  since  these  are  probably  the  most  readily  available  sources  of 
bryological  information  for  the  majority  of  people  in  the  county. 

The  names  used  by  Swann  arc  followed  by  the  most  recent  changes.  The 
majority  of  these  follow  Smith  (1978),  except  where  amended  by  even  more 
recent  name  changes,  such  as  those  published  by  Corley  et.al.  (1981;  1983; 
1991).  Full  author  citations  have  only  been  provided  for  the  most  recent  names. 

Additions  to  the  flora  since  the  publication  of  the  Supplement  (Swann 
1975),  are  indicated  by  an  asterisk  (*).  There  have  been  21  full  species  added  to 
the  County  lists. 

The  total  Flora  now  stands  at  274  full  species,  excluding  those  which  are 
probably  extinct. 


Acaulon  niuticum  (Brid.)  C.  Mull (27) 

Acrocladium  cordifolium  = Calliergon  cordifolium  (Hedw.)  Kindb. 


A.  cuspidatum  = Calliergonella  cuspidata  (Hedw.)  Loeske 
A.  giganteuni  = Calliergon  giganteum  (Schimp.)  Kindb. 

A.  straminium  — C.  stramineum  (Brid.)  Kindb. 

Aloiria  abides  (Schultz)  Kindb. 

A.  ambigua  (Br.  Eur.)  Limpr. 

A.  rigida  (Hedw.)  Limpr (28) 

Amblystegium  juratzkanum  - no  longer  given  specific  status 

A.  kochii  = A.  huniile  (P.  Beauv.)  Crundw (27) 

A.  serpens  (Hedw.)  Br.  Eur. 

A.  variuni  (Hedw.)  Lindb (27) 

Anomodon  viticulosus  (Hedw.)  Hook.  & Tayl. 
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Atrichum  undulatum  var.  undulatum  (Hedw.)  P.  Beauv. 

var.  minus  (Hedw.)  Paris  (28) 

Aulacomnium  androgynum  (Hedw.)  Schwaegr. 

A.  palustre  (Hedw.)  Schwaegr. 

Barbula  convoluta  var.  convoluta  Hedw. 

var.  commutata  (Jur.)  Husnot 

B.  cylindrica  = Didymodon  insulanus  (De  Not.)  M.  Hill (27) 

B.  fallax  = Didymodon  fallax  (Hedw.)  Zander 

B.  homschuchiana  — Pseudocrossidium  homschuchianum  (K.F.  Schultz)  Zander 
B.  recurvirosta  = Bryoerythrophyllum  recurvirostrum  (Hedw.)  Chen. 

B.  reflexa  = Didymodon  ferrugineus  (Schimp.  ex  Besch.)  M.  Hill 
B.  revoluta  = Pseudocrossidium  revolutum  (Brid.)  Zander 
B.  rigidula  = Didymodon  rigidulus  (Hedw.)  Mitt. 

B.  tophacea  = Didymodon  tophaceus  (Brid.)  Lisa 
B.  trifaria  = Didymodon  luridus  Homsch.  ex  Spreng. 

B.  unguiculata  Hedw. 

B.  vinealis  = Didymodon  vinealis  (Brid.)  Zander 
Bartramia  pomiformis  Hedw. 

B rachythecium  albicans  (Hedw.)  Br.  Eur. 

B.  glareosum  (Spruce)  Br.  Eur. 


B.  mildeanum  (Schimp.)  Milde (*) 

B.  rivulare  Br.  Eur. 

B.  rutabulum  (Hedw.)  Br.  Eur. 

B.  salebrosum  (Web.  & Mohr)  Br.  Eur (28) 

B.  velutinum  (Hedw.)  Br.  Eur. 

Bryum  argenteum  var.  argenteum  Hedw. 

var.  lanatum  (P.  Beauv.)  Hampe (28) 

B.  bicolor  Dicks. 

B.  bomholmense  Wink.  & Ruthe 
B.  caespiticium  Hedw. 

B.  capillare  Hedw. 

B.  dunense  Smith  & Whitehouse  (*)  .(28) 

B.  flaccidum  Brid (*) 

B.  gemmiferum  Wilcz.  & Dem (*) 

B.  gemmilucens  Wilcz.  & Dem (*)  .(27) 

B.  inclinatum  (Brid.)  Bland (28) 

B.  intermedium  (Brid.)  Bland (28) 

B.  klinggraeffii  Schimp. 

B.  knowltonii  Barnes  (28) 

B.  microerythrocarpum  - B.  subapiculatum  Hampe 
B.  pollens  Sw. 

B.  pendulum  — Bryum  algovicum  Sendtn.  ex  C.  Mull 

var.  rutheanum  (Wamst.)  Crundw (28) 

B.  pseudotriquetrum  var.  pseudotriquetrum  (Hedw.)  Schwaegr. 

var.  bimuni  (Brid.)  Lilj (27) 

B.  radiculosum  Brid. 

B.  rubens  Mitt. 

B.  ruderale  Crundw.  & Nyh. 

B.  sauteri  Br.  Eur (28) 

B.  torquescens  De  Not (*)  .(27) 

B.  violaceum  Crundw.  & Nyh (*) 

Campylium  chrysophyllum  (Brid.)  J.  Lange  (28) 

C.  elodes  (Lindb.)  Kindb. 

C.  polygamum  (Br.  Eur.)  J.  Lange  & C.  Jens (27) 

C.  stellatum  var.  stellatum  (Hedw.)  J.  Lange  & C.  Jens 


Camptothecium  lutescens  = Homalothecium  lutescens  (Hedw.)  Robins 
C.  nitens  = Tomenthypnum  nitens  (Hedw.)  Loeske 
C.  sericeum  — Homalothecium  sericeum  (Hedw.)  Br.  Eur. 
Campylopus  brevipilus  Br.  Eur. 

C.  introflexus  (Hedw.)  Brid. 

C.  flexuosus  (Hedw.)  Brid. 
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C.  pyriformis  var.  pyriformis  (Schultz.)  Brid. 

var.  azoricus  (Mitt.  ) Corley (28) 

Ceratodon  purpureus  ssp.  purpureus  (Hedw.)  Brid. 

ssp.  conicus  (Hampe)  Dix (27) 

Cinclidium  stygium  Sw. 

Cirriphyllum  piliferum  (Hedw.)  Grout 
Climacium  dendroides  (Hedw.)  Web.  & Mohr. 


Cratoneuron  commutatum  = Palustriella  commutata  (Hedw.)  Ochyra 
var.  commutata 
var.  falcatum  (Brid.)  Moenck. 

Cratoneuron  filicinum  (Hedw.)  Spruce 
Cryphaea  heteromalla  (Hedw.)  Mohr 
Ctenidium  molluscum  (Hedw.)  Mitt. 

Dicranella  cerviculata  (Hedw.)  Schimp 

D.  heteromalla  (Hedw.)  Schimp. 

D.  rufescens  (With.)  Schimp (27) 

D.  schreberana  (Hedw.)  Dix. 

D.  staphylina  Whitehouse 
D.  varia  (Hedw.)  Schimp. 

Dicranoweisia  cirrata  (Hedw.)  Milde 
Dicranum  bonjeanii  De  Not. 


D.  fuscescens  Sm (*)  .(28) 

D.  majus  Sm. 

D.  montanum  Hedw (*)  .(28) 

D.  polysetum  Sw. 

D.  scoparium  Hedw. 

D.  spurium  Hedw. 

D.  tauricum  Sapehin  (*)  .(28) 

Ditrichum  cyiindricum  (Hedw.)  Grout  (28) 

D.  flexicaule  (Schimp.)  Hampe 
Drepanocladus  aduncus  (Hedw.)  Wamst. 

D.  exatinulatus  = Wamstorfia  exannulata  var.  exannulata  (Br.  Eur.)  Loeske 

var.  rotae  (De  Not.)  Loeske  (27) 

D.  fluitans  = Wamstorfia  fluitans  (Hedw.)  Loeske  var.  falcatus  (28) 


D.  lycopodioides  (Brid.)  Wamst. 

D.  revolvens  (Sw.)  Warnst. 

D.  sendtneri  (H.  Mull.)  Warnst. 

D.  vemicosus  = Hamatocaulis  vemicosus  (Mitt.)  Hedenas 
Encalypta  streptocarpa  Hedw. 

E.  vulgaris  Hedw. 

Ephemerum  recurvifolium  (Dicks.)  Boul (28) 

E.  serratum  var.  minutissimum  (Lindb.)  Grout 
Eucladium  verticillatum  (Brid.)  Br.  Eur. 

Eurhynchium  confertum  = Rhynchostegium  confertum  (Dicks.)  Br.  Eur. 

E.  megapolitanum  = R.  megapolitanum  (Web.  & Mohr)  Br.  Eur. 

E.  murale  = R.  murale  (Hedw,)  Br.  Eur. 

E.  praelotigum  var.  praelongum  (Hedw.)  Br.  Eur. 
var.  stokesii  (Turn.)  Dix. 

E.  riparioides  = Rhynchostegium  riparioides  (Hedw.)  C.  Jens 


E.  schleicheri  (Hedw.)  Milde  (27) 

E.  speciosum  (Brid.)  Jur. 

E.  striatum  (Hedw.)  Schimp. 

E.  swartzii  = E.  hians  (Hedw.)  Sande  Lac. 

var.  rigidum  (Boul.)  Ther (28) 

Fissidens  adianthoides  Hedw. 

F.  bryoides  Hedw. 

F.  crassipes  Br.  Eur. 

F.  cristatus  Mitt. 

F.  exilis  Hedw (*)  .(28) 

F.  incurvus  Rohl 


F.  minutulus  subsp.  tenuifolius  - F.  gracilifolius  Brugg.-  Nann.  & Nyh. 
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F.  taxi/olius  Hedw. 

Fontinalis  antipyretica  var.  antipyretica  Hedw. 

var.  gigantea  (Sull.)  Sull (*)  .(28) 

F unaria  hygrometrica  Hedw. 

Grimmia  apocarpa  — Schistidium  apocarpum  (Hedw.)  Br.  Eur. 

G.  pulvinata  (Hedw.)  Sm. 

G.  trichophylla  Grev (*)  .(28) 

Gyroweisia  tenius  (Hedw.)  Schimp. 

Hedwigia  ciliata  (Hedw.)  P.  Beauv (*)  .(28) 

Hookeria  lucens  (Hedw.)  Sm (27) 

Hygrohypnum  luridum  (Hedw.)  Jenn (*)  .(28) 

Hylocotuium  splendens  (Hedw.)  Br.  Eur. 

Hypnum  cupressifortne  var.  cupressiforme  Hedw. 

var.  ericetorum  = H.  judandicum  Holmen  & Wamcke 

var.  filiform e = H.  andoi  A.J.E.  Sm (27) 

var.  lacunosum  Bnd. 

var.  resupinatum  (Tayl.)  Schimp. 

H.  imponens  Hedw (28) 


Isopterygium  elegans  = Pseudotaxiphyllum  elegans  (Brid.)  Iwats. 
I.  seligeri  = Herzogiella  seligeri  (Brid.)  Iwats. 

Isothecium  myosuroides  Brid. 

I.  myurum  Brid. 


Leptobarbula  berica  (De  Not.)  Schimp (*)  .(28) 

Leptobryum  pyrifonne  (Hedw.)  Wils. 

Leptodictyium  riparium  = Amblystegium  nparium  (Hedw.)  Br.  Eur. 

Leptodontium  flexifoliutu  (With.)  Hampe (28) 


Leskea  polycarpa  Hedw. 

Leucobryum  glaucum  (Hedw.)  Angstr. 

Leucodon  sciuroides  (Hedw.)  Schwaegr. 

Mnium  affine  = Plagiomnium  affine  (Funck)  Kop. 

M.  cuspidatum  = P.  cuspidatum  (Hedw.)  Kop. 

M.  homum  Hedw. 

M.  longirostrum  = P.  rostratum  (Schrad.)  Kop. 

M.  pseudopunctatum  = Rhizomnium  pseudopunctatum  (Br.  Eur.)  Kop. 

M.  punctatum  = R.  punctaium  (Hedw.)  Kop. 

M.  rugicuni  = P.  ellipticum  (Brid.)  Kop. 

M.  seligeri  = P.  elatum  (Br.  Eur.)  Kop. 

M.  undulatum  — P.  undulatum  (Hedw.)  Kop. 

Neckera  complanata  (Hedw.)  Hub. 

Omalia  trichomanoides  = Homalia  trichomanoides  (Hedw.)  Br.  Eur. 

Orthodontium  lineare  Schwaegr. 

Orthotrichum  affine  Brid. 

O.  anomalum  Hedw. 

O.  cupulatum  Brid. 

O.  diaphanum  Brid. 

O.  lyellii  Hook.  & Tayl. 

O.  obtusifolium  Brid (*)  .(28) 

O.  pulchellum  Brunton 
Phascum  curvicolle  Hedw. 

P.  cuspidatum  var.  cuspidatum  Hedw.  (other  vars  not  in  Census  Catalogue) 
Philonotis  calcarea  (Br.  Eur.)  Schimp. 

P.  fontana  (Hedw.)  Brid. 

Physcomitrella  patens  = Aphanorhegma  patens  (Hedw.)  Lindb. 


Physcomitrium  eurystomum  Sendtn (28) 

P.  pyriforme  (Hedw.)  Brid. 

Plagiothecium  curvifolium  Schlieph. 

P.  denticulatum  (Hedw.)  Br.  Eur. 

P.  latebricola  Br.  Eur (27) 

P.  ruthei  Limpr. 

P.  succulentum  (Wils.)  Lindb. 


P.  sylvaticum  = P.  nemorale  (Mitt.)  Jaeg 
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P.  undulation  (Hedw.)  Br.  Eur. 

Platygyrium  repens  (Brid.)  Br.  Eur (*)  .(28) 

Pleundium  acuminatum  Lindb. 

P.  subulatum  (Hedw.)  Rabenh. 

Pleurochaete  squarrosa  (Brid.)  Lindb (28) 

Pleurozium  schreberi  (Brid.)  Mitt. 

Pohlia  annotina  = P.  proligera  (Breidl.)  Amell 
P.  delicatula  (Hedw.)  Grout 

P.  lutescens  (Limpr.)  Lindb (27) 

P.  nutans  (Hedw.)  Lindb. 

P.  wahlenbergii  (Web.  & Mohr)  (28) 

Polytnchum  abides  = Pogonatum  abides  (Hedw.)  P.  Beauv. 

P.  alpestre  = P.  strictum  Brid (28) 


P.  aurantiacum  = P.  bngisetum  Brid. 
P.  commune  Hedw. 

P.  formosum  Hedw. 

P.  junipennum  Hedw. 


P.  nanum  = Pogonatum  nanum  (Hedw.)  P.  Beauv (27) 

P.  piliferum  Hedw. 

Pottia  bryoides  (Dicks.)  Mitt. 

P.  davalliana  = P.  starkeana  ssp.  minutula  (Schwaegr.)  Chamb (28) 


P.  heimii  = Desmatodon  heimii  (Hedw.)  Mitt. 

P.  intermedia  (Turn.)  Fumr. 

P.  lanceolata  (Hedw.)  C.  Mull. 

P.  recta  (With.)  Mitt. 

P.  starkeana  ssp.  starkeana  (Hedw.)  C.  Mull (27) 

ssp.  conica  (Schwaegr.)  Chamb. 

P.  truncata  (Hedw.)  Fumr. 

Pseudephemerum  nitidum  (Hedw.)  Reim. 

Pseudoscleropodium  purum  = Scleropodium  purum  (Hedw.)  Limpr. 


Pterygoneuron  lamellatum  (Lindb.)  Jur. 

P.  ovatum  (Hedw.)  Dix. 

Ptilium  cristacastrensis  (Hedw.)  De  Not (*)  .(28) 

Racomitrium  canescens  var.  canescens  (Hedw.)  Brid (28) 

var.  ericoides  = R.  ericoides  (Brid.)  Brid. 

R.  elongation  Frisvoll  (*)  .(28) 

R.  bnuginosum  (Hedw.)  Brid (27) 

Rhodobryum  roseum  (Hedw.)  Limpr. 

Rhynchostegiella  pumila  = Eurhynchium  pumilum  (Wils.)  Schimp. 

R.  tenella  (Dicks.)  Limpr. 

Rhytidiadelphus  loreus  (Hedw.)  Wamst (27) 

R.  squarrosus  (Hedw.)  Wamst. 

R.  triquetrus  (Hedw.)  Wamst. 

Rhytidium  rugosum  (Hedw.)  Kindb (28) 

Schistostega  pennata  (Hedw.)  Web.  & Mohr (28) 

Scleropodium  tourettii  (Brid.)  L.Koch 
Scorpidium  scorpioides  (Hedw.)  Limpr. 

Seligeria  calcarea  (Hedw.)  Br.  Eur (28) 

5.  paucifolia  (Dicks.)  Carr (28) 


Sphagnum  capillaceum  = S.  capillifolium  (Ehrh.)  Hedw. 
S',  compactum  DC 
S.  contortion  Schultz 
S',  cuspidatum  HofFm. 

S',  fimbriatum  Wils. 

5.  magellanicum  Brid. 


S.  mode  Sull (28) 

S.  palustre  L. 

S',  papillosum  Lindb. 

S’,  plumulosum  — S.  subnitens  Russ.  & Wamst 

S',  recurvum  ssp.  amblyphyllum  = S.  flexuosum  Dozy  & Molk  (27) 

ssp.  mucronatum  — S.  fallax  (Klinggr.)  Klinggr. 
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5.  rubelluni  = 5.  capillifolium  (Ehrh.)  Hedw. 

5.  subsecundum  var.  subsecundum  = S.  denticulatum  (Brid.) 
var.  inundatum  = denticulatum  var.  inundatum 
var.  auriculatum  = S.  denticulatum  var.  auriculatum 
S.  squarrosum  Crome 
5.  tenellum  (Brid.)  Brid. 


5.  teres  (Schimp.)  Angstr (27) 

Splachnum  ampullaceum  Hedw. 

Tetraphis  pellucida  Hedw. 

Thamnium  alopecurum  = Thamnobryum  alopecurum  (Hedw.)  Nieuwl (28) 

Thuidium  abietinum  (Hedw.)  Br.  Eur. 

T.  philiberti  Limpr. 

T.  tamariscinum  (Hedw.)  Br.  Eur. 

Tortella  flavovirens  (Bruch)  Broth (27) 


Tortula  intermedia  (Brid.)  De  Not. 

T.  laevipila  var.  laevipila  (Brid.)  Schwaegr. 

var.  laevipilifortnis  (De  Not.)  Limpr. 

T.  latifolia  Hartm. 

T.  marginata  (Br.  Eur.)  Spruce 
T.  muralis  Hedw. 

var.  aestiva  Hedw. 

T.  papillosa  Schimp. 

T.  ruraliformis  (Besch.)  Ingham 
T.  ruralis  (Hedw.)  Gaertn. 

T.  subulata  Hedw. 

T.  virescens  (De  Not.)  De  Not. 


Trichostomopsis  umbrosa  (C.  Mull.)  Robins  (*)  .(28) 

Trichostomum  sinuosum  = Didymodon  sinuosus  (Mitt.)  Delogne 

Ulota  ludivigii  = U.  coarctata  (P.  Beauv.)  Hammar  (27) 


U.  crispa  (Hedw.)  Brid. 

U.  bruchii  Brid. 

U.  phyllantha  Brid. 

Weissia  controversa  var.  controversa  Hedw. 

var.  crispata  (Nees  & Homschuch.)  Nyh (28) 

W.  longifolia  var.  angustifolia  (Schimp.)  Crundw.  & Nyh (28) 

W.  microstoma  = W.  brachycarpa  (Nees  & Homsch.) 

Zygodon  viridissimus  var.  viridissimus  (Dicks.)  R.  Br. 
var.  stirtonii  (Stirt.)  Hagen 


Probably  extinct  species 

Amblyodon  dealbatus  (Hedw.)  Br.  Eur (27) 

Antitrichia  curtipendula  (Hedw.)  Brid (27) 

Brachythecium  populeum  (Hedw.)  Br.  Eur (27) 

Bryum  mamillatum  Lindb (28) 

Buxbaumia  aphylla  Hedw (27) 

Campylopus  fragilis  (Brid.)  Br.  Eur (27) 

Dichodontium  pellucidum  (Hedw.)  Schimp (27) 

Ditrichum  heteromallum  (Hedw.)  Britt (27) 

Drepanocladus  uncinatus  = Sanionia  uncinata  (Hedw.)  Loeske  (27) 

Funaria  fascicularis  = Entosthodon  fascicularis  (Hedw.)  C.  Miill 

F.  obtusa  = E.  obtusus  (Hedw.)  Lindb (27) 

Neck  era  pumila  Hedw. 

Orthotrichum  schimperi  = O.  pumilum  Sw (27) 

O.  striatum  Hedw (27) 

O.  tenellum  Brid. 

Phascum  Jloerkeanum  Web.  & Mohr  (27) 

Polytrichum  umigerum  = Pogonatum  umigerum  (Hedw.)  P. Beauv (27) 

Pottia  wilsonii  (Hook.)  Br.  Eur (27) 

Tortella  inclinata  (Hedw.)  Limpr .' (28) 
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LESSER  EARWIG  LABIA  MINOR  IN  NORFOLK:  - 

On  August  3rd  1991  while  moth  trapping  at  Holme  Dunes  in  North  West 
Norfolk  a small  earwig  was  attracted  to  one  of  the  mercury  vapour  traps  and 
went  inside.  Being  new  to  mothing  I was  not  over-awed  by  the  moths  and  as  the 
earwig  seemed  to  be  different  to  the  usual  run  of  things  I put  it  in  a tube.  Later 
that  night  I identified  it  as  the  lesser  earwig,  Labia  minor  from  Marshall  and 
Haes  (1988). 

There  are  only  three  records  since  1982  (Irwin  1991).  These  are  Cranwich 
Camp,  Foster  in  1987,  also  to  mercury  vapour  light;  Woodbastwick,  Foster  and 
Procter  in  1990  and  this  one.  This  is  only  the  second  West  Norfolk  record  since 
Atmore  collected  it  in  July  and  August  1911  at  King’s  Lynn.  These  records  were 
overlooked  by  Irwin  in  his  1991  paper.  Apparently  it  was  so  common  in  the  days 
of  horse  transport,  being  attracted  to  the  numerous  dung-heaps  this  form  of 
transport  produced,  that  no  one  bothered  to  record  it.  With  the  increased  popu- 
larity of  horse  riding  for  pleasure  it  could  be  making  a come  back. 

I thank  E.  C.  M.  Haes  for  help  with  the  other  records. 
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FOSSIL  ELEPHANT  SKELETON  FROM  THE  CROMER  FOREST  BED 

A.J.  Stuart 

Castle  Museum,  Norwich,  NR1  3JU 

The  Cromer  Forest  Bed  Formation  (C.F.B.F.)S  exposed  in  the  cliffs  and  fore- 
shore at  many  localities  along  the  coasts  of  northeast  Norfolk  and  Suffolk,  has 
been  famous  for  its  wealth  of  fossil  mammal  remains  since  the  early  part  of  the 
last  century  (e.g.  Newton,  1882;  1891;  McWilliams,  1967;  Stuart,  1975;  1982). 
It  comprises  a complex  succession  of  both  marine  and  freshwater  sediments, 
covering  several  cold  and  temperate  (interglacial)  stages,  and  overlain  by  thick 
glacial  deposits  left  by  the  first  advance  of  ice  sheets  into  what  is  now  East  Anglia 
(West,  1980).  Exposures  were  generally  much  better  in  the  past,  as  nowadays 
most  localities  are  obscured  by  sea  defences.  Fortunately,  although  threatened 
on  more  than  one  occasion,  the  most  important  single  C.F.B.F.  locality  - West 
Runton  - is  still  available  for  study. 

The  West  Runton  Freshwater  Bed  and  overlying  marine  deposits,  part  of  the 
West  Runton  geological  S.S.S.I.,  have  been  designated  the  international  type 
locality  for  the  Cromerian  Temperate  (Interglacial)  Stage.  Current  estimates  of 
the  age  of  the  Cromerian  are  about  500-600,000  years  ago. 

Over  more  than  a century  and  a half  the  Freshwater  Bed,  only  1.5  to  2 
metres  thick,  has  produced  one  of  the  richest  Pleistocene  (‘Ice  Age’)  fossil  verte- 
brate faunas  from  Europe.  The  vertebrates  include:  at  least  8 fish  species:  5 
amphibians;  3 reptiles;  several  birds  (rather  poorly  represented);  and  43  mam- 
mals ranging  from  shrews,  moles  and  voles  to  deer,  horses  and  rhinos  (e.g. 
Newton,  1882;  1891;  Stuart,  1982).  Fossil  pollen  and  larger  plant  material  show 
that  this  rich  fauna  lived  in  association  a temperate  forest,  with  areas  of  herba- 
ceous vegetation,  and  fen  and  reedswamp  near  the  river.  The  climate  was  much 
as  today,  perhaps  slightly  warmer. 

Although  known  for  such  a long  time,  the  Freshwater  Bed  continues  to  sur- 
prise us  with  new  discoveries;  the  most  recent  of  which  is  the  most  spectacular 
found  at  this  site  and  indeed  in  the  entire  C.F.B.F..  Until  recently  only  very 
sparse  fossil  elephant  material  was  available  in  all  the  thousands  of  finds  from  the 
Freshwater  Bed.  However,  in  December  1990,  Mr  and  Mrs  H Hems  made  the 
exciting  discovery  of  the  pelvis  of  a very  large  elephant  (Fig.  1).  Excavation  of 
the  find  revealed  one  other  bone;  a beautifully-preserved  left  astragalus  (an  ankle 
bone).  Although  it  was  not  possible  to  identify  the  genus  or  species  on  the  basis 
of  this  material,  the  shape  of  the  pelvis  indicated  a male  individual. 

Just  over  a year  later,  on  26th  December  1991,  further  erosion  of  the  cliffs 
exposed  several  more  bones,  including  the  right  scapula,  right  fibula,  and  a num- 
ber of  ribs  and  vertebrae,  which  were  found  by  R Sinclair.  In  January  1992  a 
controlled  excavation  by  Norwich  Castle  Museum  and  Cromer  Museum  in  col- 
laboration with  several  volunteers,  recovered  many  more  bones  in  situ,  including 
the  lower  jaw,  most  of  the  rest  of  the  vertebral  column,  several  ribs,  the  right 
ulna,  and  part  of  the  right  humerus  (Fig.  2).  About  a quarter  of  the  skeleton  has 
been  recovered  so  far.  Elephant  skeletons  of  any  age  are  very  rare,  and  the  West 
Runton  skeleton  is  by  far  the  oldest  ever  found  in  Britain. 

Two  hyaena  coprolitcs  (droppings)  found  in  situ,  together  with  characteris- 
tic tooth  marks  on  some  of  the  bones  show  that  hyaenas  fed  on  the  carcass  as  it 
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Fig.  1.  Elephant  pelvis  at  West  Runton,  December  1990 


Fig.  1.  Right  ulna,  humerus  and  ribs  of  West  Runton  elephant,  January  1992 

lay  in  shallow  water  in  the  river.  Such  an  association  appears  not  to  have  been 
recorded  previously. 

After  recording,  on  the  plan  and  by  photographs,  each  bone  was  partially 
encased  in  a jacket  of  plaster  and  scrim,  reinforced  with  wooden  splints  where 
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appropriate,  and  then  lifted.  Back  at  Norwich  Castle  Museum,  the  bones  are 
being  liberated  one  by  one  from  their  plaster  jackets  and  consolidated  with  an 
acrylic  plastic  ‘Paraloid’  dissolved  in  acetone.  A major  display  is  planned  for  the 
future  at  the  Castle  Museum. 

Although  full  identification  awaits  the  the  removal  of  the  mandible  from  its 
plaster  jacket,  the  elephant  can  be  provisionally  referred  to  Mammuthus  cf.  merid- 
ionalis  (Nesti),  an  ancestor  of  the  much  better-known  woolly  mammoth  of  the 
Upper  Pleistocene.  From  the  ulna  the  height  at  the  shoulder  of  the  animal  when 
alive  can  be  estimated  at  about  4 metres,  indicating  a weight  of  about  9 tonnes; 
almost  twice  as  heavy  as  an  average  male  African  elephant  today. 

When  the  conservation  is  completed,  work  will  begin  on  detailed  description 
of  the  bones,  comparison  with  other  elephants,  study  of  hyaena  tooth  marks  and 
many  other  aspects  of  the  material.  One  study  already  underway  is  a major  pro- 
ject by  J Rink  (University  of  Cambridge)  to  determine  for  the  first  time  an 
absolute  date  for  the  West  Runton  Freshwater  Bed  (and  thus  the  Cromerian 
temperate  stage)  using  electron  spin  resonance  (E.S.R.)  on  the  elephant  tooth 
enamel.  Because  of  their  large  size  much  better  results  are  obtainable  from  ele- 
phant teeth  than  from  the  teeth  of  other  animals. 
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EPIPHYTIC  DIATOMS  IN  BROADLAND  DYKES 
Z.  L.  Waterford 

Breckland  District  Council,  Guildhall,  Dereham 
R.  J.  Driscoll 

Castle  Museum,  Norwich,  NR1  3JU 


Introduction 

Diatoms  are  microscopic  single-celled  algae.  They  range  in  size  from  5pm  to 
600pm  and  live  wherever  there  is  moisture:  in  aquatic  habitats,  whether  freshwa- 
ter, brackish  or  marine,  and  even  in  soil.  Aquatic  diatoms  can  be  catagorised 
according  to  where  they  live:  planktonic  - in  suspension  in  the  water,  benthic  - 
on  the  bottom,  epilithic  - attached  to  stones,  epipsammic  - attached  to  sand 
grains,  epizooic  - attached  to  animals,  and  epiphytic  - attached  to  higher  plants 
and  algae. 

Epiphytic  diatoms  include  both  solitary  and  colonial  species.  They  are 
attached  to  the  surface  of  their  host  in  a variety  of  ways:  some  adhere  directly, 
others  are  embedded  within  sheets,  tubes  or  lumps  of  mucilage,  or  are  attached 
by  mucilaginous  pads  or  gelatinous  stalks  (see  Fig.  1).  Nevertheless,  many 
species  are  able  to  move  about.  Samples  of  epiphytic  diatoms  often  include 
planktonic  and  benthic  species  that  have  settled  on  the  host  plant  or  been  pre- 
sent in  the  surrounding  water. 


Fig.  1.  Epiphytic  diatoms  on  a submerged  leaf,  showing  the  methods  of  attach- 
ment used  (see  introduction) 
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Some  diatom  species  prefer  or  are  only  able  to  tolerate  a limited  range  of 
environmental  conditions,  eg.  pH.,  salinity,  nutrient  status,  and  the  species  rich- 
ness and  species  composition  of  the  diatom  flora  are  in  part  determined  by  water 
chemistry.  Study  of  the  diatoms  can  enable  inferences  to  be  drawn  about  envi- 
ronmental conditions  in  the  absence  of  any  physical  or  chemical  analyses  and  a 
vast  amount  of  research  has  been  earned  out  using  diatoms  to  monitor  water 
quality. 

The  study  of  diatoms  in  Broadland  has  a long  history,  starting  with  the  work 
of  microscopists  in  the  first  half  of  the  nineteenth  century  (eg.  Bnghtwell,  1848). 
Some  of  the  early  work  was  directed  towards  producing  a comprehensive  check- 
list for  the  area  (eg.  Kitton,  1884).  Recent  studies  have  concentrated  on  taxa 
from  the  broads  themselves,  including  the  analysis  of  diatoms  in  sediment  cores. 
Much  of  the  research  has  aimed  to  reconstruct  the  history  of  changes  in  water 
quality  that  have  taken  place  in  an  attempt  to  understand  the  recent  widespread 
loss  of  higher  plants  and  increase  in  sedimentation  (eg.  Eminson,  1978b; 
Manson,  1987). 

The  diatom  flora  of  dykes  has  largely  been  ignored,  although  Eminson 
(1978a)  compared  the  epiphytic  flora  on  Myriophyllum  spicatum  L.  growing  in 
dykes  and  in  broads. 

Several  surveys  of  the  aquatic  macrophyte  flora  of  Broadland  dykes  have 
been  carried  out  in  recent  years  (Driscoll,  1976;  Doarks,  1980;  Doarks  et  ai, 
1990).  Classifications  of  the  dyke  flora  have  been  developed  that  relate  the 
macrophyte  communities  to  water  quality  and  management  practice  (Driscoll, 
1983;  Doarks  & Leach,  1990). 

In  1990  one  of  the  authors  (ZLW)  carried  out  a wide  ranging  survey  of  epi- 
phytic diatoms  in  Broadland  dykes,  looking  at  changes  in  the  diatom  flora  over 
time,  host  specificity,  the  effect  of  host  preparation  technique  on  the  diatoms 
recorded,  and  differences  in  the  diatom  flora  of  dykes  with  different  water 
chemistries  (Slater,  1991).  The  present  paper  is  concerned  with  the  differences 
between  the  diatom  flora  of  dykes  draining  grazing  marsh  in  different  parts  of 
Broadland.  The  sample  sites  differed  in  water  quality  and  in  the  macrophyte 
flora  of  the  dykes. 

Methods 

Six  areas  of  marshland  were  studied.  Between  one  and  three  dykes  were  sam- 
pled in  each  area.  The  aquatic  macrophyte  flora  of  the  dykes  were  used  as  indi- 
cators of  differences  in  water  quality  and  dykes  were  selected  to  cover  a wide 
range  of  water  chemistries.  Between  one  and  five  host  species  were  sampled  in 
each  dyke. 

A garden  rake  was  used  to  collect  submerged  aquatic  macrophytes  from 
dykes  draining  grazing  marsh.  In  some  cases  leaves  were  carefully  removed  from 
plants  in  the  field  and  placed  in  glass  tubes  for  subsequent  sampling.  Other 
plants  were  collected,  pressed  and  dried  before  sampling. 

Diatoms  were  removed  from  leaves  isolated  in  the  field  by  washing  the 
leaves  with  5ml  of  distilled  water,  brushing  them  with  a small  nylon  bristle  paint 
brush,  and  collecting  the  washings  with  a Pasteur  pipette.  A new  brush  and 
pipette  were  used  for  each  sample  to  avoid  cross  contamination.  Diatoms  were 
removed  from  dried  plant  specimens  by  rehydrating  the  leaves  in  5ml  of  distilled 
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water  for  6 hours,  then  brushing  and  pipetting  as  above.  The  area  of  leaf  sam- 
pled was  recorded  in  each  case. The  washings  from  the  leaves  were  placed  in  a 
glass  centrifuge  tube  and  10ml  of  50%  nitric  acid  added.  After  30  minutes  the 
tube  was  centrifuged  at  2500  rpm  for  5 minutes,  the  supernatant  liquid  removed 
and  distilled  water  added.  This  procedure  was  repeated  until  the  residue  had  a 
pH  of  approximately  7.  The  residue  was  made  up  to  5ml  with  distilled  water 
and  stored  in  a glass  tube  with  a drop  of  hydrogen  peroxide  (20  Vol.)  to  prevent 
bacterial  growth. 

Approximately  1ml  of  leaf  washings  was  placed  on  a coverslip  and  allowed  to 
evaporate.  A small  amount  of  Naphrax  mountant  was  placed  on  a microscope 
slide,  the  slide  heated  until  the  mountant  melted  and  the  coverslip  placed  on  the 
slide.  Three  slides  were  made  from  each  sample  of  washings. 

The  slides  were  examined  using  a Meopta  micoscope  (oil  immersion 
xlOOO).  Using  a mechanical  stage  to  move  the  slide,  diatoms  were  identified 
and  counted  in  a transect  across  the  sample.  If  the  number  of  diatoms  counted 
was  less  than  100  a second  transect  was  made.  Counting  was  earned  out  on  one 
slide  from  each  sample.  The  other  slides  were  superficially  examined  to  ensure 
that  the  slide  that  had  been  counted  was  typical. 

A species  list  was  compiled  for  each  sample.  Using  the  area  of  leaf  sampled 
and  the  transect  area  the  diatom  counts  were  converted  to  estimates  of  the 
diatom  densities  on  the  leaves. 

Slater  (1991)  includes  a more  detailed  account  of  sampling  technique,  sam- 
ple preparation  and  slide  examination  and  analysis.  The  slides  have  been 
deposited  in  the  Natural  History  Department,  Castle  Museum,  Norwich, 
Accession  number  61.992. 

Localities 

The  most  recent  classification  of  the  vegetation  of  Broadland  grazing  marsh 
dykes  recognised  10  aquatic  macrophyte  communities  (Doarks  & Leach,  1990). 
The  species  richness  and  species  composition  of  the  different  communities  are 
determined  by  water  quality,  water  depth,  soil  and  dyke  management  technique. 
Table  1 summarizes  the  major  differences  between  the  vegetation  classes. 

Diatom  samples  were  collected  from  six  localities  that  had  been  selected  on 
the  basis  of  the  macrophyte  communities  present  in  the  dykes  and  known  differ- 
ences in  water  quality  and  management.  Five  aquatic  macrophyte  vegetation 
types  were  represented  in  the  dykes  sampled:  Al,  A3a,  A3b,  A5a  and  A5b. 

Somerton  (Aquatic  macrophyte  class  A3a) 

Most  of  the  marshland  at  Somerton  was  grazed  until  the  late  1970s  when 
much  of  the  estate  was  converted  to  arable  use.  The  drainage  improvements 
that  accompanied  the  changes  in  land  use  resulted  in  impoverishment  of  the 
dyke  flora  (Driscoll,  1985).  Salt  water  percolates  underground  and  enters  some 
of  the  dykes,  making  them  brackish  (Driscoll,  1984).  Despite  the  high  salinity 
the  main  drain  leading  to  the  pump  supported  a freshwater  macrophyte  flora. 

Potter  Heigham  (Aquatic  macrophyte  classes  Al,  A3a) 

Some  of  the  dykes  draining  this  area  of  acid  grazing  marsh  on  the  peaty  mar- 
gin of  the  Thurne  valley  contain  aquatic  macrophytes  that  require  more  acid 
conditions  and  lower  nutrient  concentrations  than  are  found  in  most  Broadland 
dykes,  eg.  Eleogiton  fluitans  (L.)  Link,  Potarnogeton  polygonifolius  Pourret.  Acid 
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Table  1. 


Comparison  of  the  aquatic  macrophyte  classes  described  from  Broadland  dykes, 
summarized  from  Doarks  and  Leach  (1990). 


Class 

Constant 

spp.1'2 

Mean  no.  of 
spp.  (range) 

Elec.  cond. 
(pS/cm)3 

Trophic  Soil3 
status3 

Notes 

A1 

P.  nata 
Eleogit 

4.5  (1-8) 

<2000 

olig./ 

meso. 

peat/ 

clay 

Rarest  class,  shallow 
spring-fed  dykes  on 
upland  margin  of  marshes 

A2 

P.  nata 
M.  vert 
H.  palu 

7.6  (1-14) 

<2000 

meso./ 

eutr. 

clay  / 
peat 

Close  to  upland  margin 
of  marshes,  mainly  in 
upper  and  middle  reaches 
of  river  valleys 

A3a 

L.  tris 
L.  mino 
P.  nata 

6.1  (1-10) 

<2000 

meso./ 

eutr. 

clay  / 
peat 

Mainly  in  upper  reaches 
of  river  valleys 

A3b 

L.  mino 
L.  tris 
H.  mors 
Stratio 

4.8  (2-9) 

<2000 

meso./ 

eutr 

clay  / 
peat 

Mainly  in  upper  and 
middle  reaches  of  river 
valleys 

A4 

L.  mino 
C.  deme 
L.  tris 

6.5  (1-12) 

<2000 

eutr. 

peat 

Enriched  dykes,  away  from 
upland  margin  of  marshes 

A5a 

L.  mino 
E.  cana 
C.  deme 
Enterom 
L.  tris 
Filamen 

9.0  (5-15) 

<2000 

eutr. 

clay  / 
peat 

Deeper  dykes,  away  from 
upland  margin  of 
marshes,  in  upper  and 
middle  reaches  of  river 
valleys 

A5b 

L.  mino 
Filamen 
L.  tris 

5.1  (1-11) 

<10000 

eutr. 

clay  / 
peat 

Most  common  class 

A6 

Callitr 
L.  mino 

3.2  (1-7) 

<2000 

peat 

Associated  with 
fluctuating  water  levels 

A7a 

Filamen 

Enterom 

4.1  (1-9) 

1001-10000  eutr. 

clay 

Enriched  dykes,  in 
brackish  marshes  or  near 
rivers 

A7b 

M.  vert 
P.  pect 
L.  tris 

4.3  (1-11) 

2001-20000 

clay 

In  brackish  marshes  or 
near  rivers 

1 Species  recorded  from  more  than  60%  of  dykes  in  a particular  class 


2 Callit 
C.  deme 
Eleogit 
E.  cana 


Callitriche  sp. 

Ceratophyllum  demersum  L. 
Eleogiton  fluitans  (L.)  Link 
Elodea  canadensis  Michx 
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H.  palu 

Hottonia  palustris  L. 

H.  mors 

Hydrocharis  morsus-ranae  L. 

L.  mino 

Lenina  minor  L. 

L.  tris 

Lemna  trisulca  L. 

M.  vert 

Myriophyllum  verticillatum  L. 

P.  nata 

Potamogeton  natans  L. 

P.  pect 

Potamogeton  pectinatus  L. 

Stratio 

Stratiotes  abides  L. 

Enterom 

Enteromorpha  sp. 

Filamen 

Filamentous  algae 

Nomenclature  of  flowering  plants  follows  Clapham,  Tutin  and  Moore  (1989) 

5 Electncal  conductivity 

4 olig.  oligotrophic 

meso.  mesotrophic 

eutr.  eutrophic 

5 Most  common  soil  type 

sulphate  soils  occur  throughout  much  of  the  Thume  catchment  area 
(Environmental  Resource  Management,  1981)  and  there  was  a heavy  deposit  of 
‘ochre’  on  the  submerged  plants  and  bottoms  of  the  dykes  sampled. 

Ashby  with  Oby  (Aquatic  macrophyte  class  A5b) 

These  freshwater  marshes  have  been  grazed,  possibly  without  a break,  since 
the  middle  of  the  nineteenth  century.  The  macrophyte  flora  of  the  dykes  in  the 
mid  1970s  was  similar  to  that  recorded  in  the  late  nineteenth  century  (Driscoll, 
1982),  although  by  1988  the  flora  of  many  dykes  had  deteriorated  (Doarks, 
1990). 

Cantley  (Aquatic  macrophyte  class  A5a) 

This  area  of  freshwater  grazing  marsh  in  the  Yare  valley  is  one  of  the  few 
places  in  Broadland  where  the  rare  pondweed  Potamogeton  acutifolius  Link  can  be 
found. 

Buckenham  (Aquatic  macrophyte  class  A5b) 

For  more  than  a century  botanists  have  been  visiting  these  freshwater  marsh- 
es in  the  Yare  valley  to  collect  P.  acutifolius  which  used  to  flourish  in  the  dykes. 
The  marshes  have  probably  been  grazed  for  at  least  a hundred  years,  except  for  a 
short  time  during  World  War  II  when  they  were  converted  to  arable  use.  In 
recent  years  the  management  regime  has  intensified  and  the  dyke  flora  deterio- 
rated between  the  mid  1970s  and  1988  (Doarks,  1990). 

Strumpshaw  (Aquatic  macrophyte  class  A3b) 

The  Royal  Society  for  the  Protection  of  Birds  manages  this  area  of  unim- 
proved freshwater  grazing  marsh  in  the  Yare  valley.  After  years  of  neglect  sym- 
pathetic management  of  the  dykes  started  in  the  mid  1970s  and  they  now  sup- 
port a rich  flora.  P.  acutifolius  was  introduced  during  the  late  1970s  and  thrives 
in  the  dykes. 

The  dykes  at  Ashby  with  Oby,  Cantley  and  Buckenham  were  expected  to 
have  similar  diatom  flora.  Those  at  Somerton,  Potter  Heigham  and  Strumpshaw 
were  expected  to  be  different. 

Results 

A total  of  85  samples  of  diatoms  was  collected  from  10  dykes  draining  6 areas  of 
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Table  2. 


Number  of  diatom  samples  collected  from  each  host  species  from  each  dyke 
sampled  in  Broadland,  June/July  1990. 


Host2 

Locality1 

Somerton 

Potter 
Heigham 
1 2 3 

Ashby 
with  Oby 

1 2 

Cantley 

Buckenham 
1 2 

Strumpshaw 

P.  perf 

11 

P.  cris 

9 

P.  pect 

5 

2 

P.  poly 

8 8 

Eleogit 

2 

Utricul 

2 

Fontina 

2 

Ranuncu 

2 

Stratio 

2 2 

P.  frie 

8 

2 

2 

P.  pusi 

1 

2 

P.  acut 

85 

7 

Total 

25 

12  8 2 

15  2 

105 

2 2 

7 

1 Somerton 

Potter  Heigham  1 
Potter  Heigham  2 
Potter  Heigham  3 
Ashby  with  Oby  1 
Ashby  with  Oby  2 
Cantley 
Buckenham  1 
Buckenham  2 
Strumpshaw 


TG  466203 
TG  412182 
TG  413184 
TG  413182 
TG  412137 
TG  412135 
TG  371040 
TG  360050 
TG  350054 
TG  340063 


2 


Eleogit  Eleogiton  fluitans  (L.)  Link 
P.  acut  Potamogeton  acutifolius  Link 
P.  cris  Potamogeton  crispus  L. 

P.  frie  Potamogeton  friesii  Rupr. 

P.  pect  Potamogeton  pectinatus  L. 

P.  perf  Potamogeton  perfoliatus  L. 

P.  poly  Potamogeton  polygomfolius  Pourret 

P.  pusi  Potamogeton  pusillus  L. 

Ranuncu  Ranunculus  circinatus  Sibth.? 

Stratio  Stratiotes  abides  L. 

Utricul  Utricularia  vulgaris  agg. 

Fontina  Fontinalis  antipyretica  Hedw. 

Nomenclature  follows  Clapham,  Tutin  and  Moore  (1989)  and  Smith  (1978) 


’ Including  one  sample  from  which  no  diatoms  were  recorded 


grazing  marsh  in  Broadland  during  June  and  July,  1990  (sec  Table  2 and  Fig.  2). 
Diatoms  could  not  be  found  in  one  sample  (they  were  probably  lost  during 
preparation).  The  samples  yielded  752  records  of  diatoms  (a  record  is  defined 
here  as  a record  of  a particular  taxon  in  a particular  sample),  including  114 
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Fig.  2.  Map  of  Broadland  showing  the  location  of  the  dykes  sampled. 

1 Somerton;  2-4  Potter  Heigham;  5,  6 Ashby  with  Oby;  7 Cantley;  8,9 
Buckenham;  10  Strumpshaw  (see  Table  2). 

diatom  taxa  (see  Table  3). 

The  species  lists  for  each  sample  were  combined  to  produce  lists  for  each 
host  in  each  dyke  and  for  each  dyke.  The  lists  for  each  dyke  were  then  com- 
bined to  produce  Table  4,  which  compares  the  diatom  flora  of  the  dykes  and 
marshland  areas  sampled. 

The  diatom  flora  of  different  dykes  and  different  marshland  areas  differed  in 
species  richness  and  species  composition.  The  variation  in  species  richness  was 
in  part  due  to  differences  in  sample  size.  In  general,  the  greater  the  number  of 
samples  collected  from  a dyke,  the  greater  the  number  of  diatom  taxa  recorded. 
The  geographical  differences  in  species  composition  seemed  to  correspond  to 
differences  in  water  quality. 
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Table  3. 


Checklist  of  diatom  taxa  recorded  from  Broadland  dykes,  June/July  1990,  with 
abbreviations  used  in  subsequent  tables  (nomenclature  follows  Hustedt  (1930), 
including  inconsistencies!). 


CENTRALES 

Coscinodiscus  sp.  Ehr. 

Cyclotella  glomerata  Bachmann 
Cyclotella  meneghiniana  Kiitz. 

Cyclotella  operculala  Pant 
Cyclotella  sp.  Kiitz 
Melosira  gratiulata  (Ehr.)  Ralfs 
Melosira  sp.  Agardh 
Stephanodiscus  astraea  (Ehr.)  Grun. 
Stephanodiscus  sp.  Ehr. 

PENN  ALES 
Araphinideae 

Diatoma  elongatum  Agardh 
Diatoma  vulgare  Bory 
Diatoma  sp.  De  Candolle 
Fragilaria  brevistrata  Grun. 

Fragilaria  capucina  Desmazieres 
Fragilaria  construens  (Ehr.)  Grunow 
Fragilaria  crotonensis  Kitton 
Fragilaria  harrissonii  W.  Smith 
Fragilaria  intermedia  Grunow 
Fragilaria  pinnata  Ehrenberg 
Fragilaria  sp.  Lyngbye 
Synedra  acus  Kiitz. 

Synedra  acus  var.  radians  (Kiitz.)  Hust. 

Synedra  affinis  Kiitz. 

Synedra  amphicephala  Kiitz. 

Synedra  miniscula  Grun. 

Synedra  nana  Meister 
Synedra  pulchella  Kiitz. 

Synedra  rumpens  Kiitz. 

Synedra  tenera  W.  Smith 
Synedra  ulna  (Nitzsch)  Ehr. 

Synedra  ulna  cf.  var.  amphirhynchus  (Ehr.)  Grun. 
Synedra  ulna  var.  biceps  Kiitz. 

Synedra  vaucheriae  Kiitz. 

Synedra  sp.  Ehrenberg 
Tabellaria  fenestrata  (Lyngb)  Kiitz. 

Raphinideae 

Eunotia  arcus  Ehrenberg 
Eunotia  pectinalis  (Kiitz.)  Rabenhorst 
Eunotia  valida  Hustedt 
Eunotia  sp.  Ehrenberg 
Monoraphinideae 

Achnanthes  clevei  Grunow 
Achnanthes  conspicua  A.  Mayer 
Achnanthes  delicatula  Kiitzing 
Achnanthes  exilis  Kiitzing 
Achnanthes  flexella  Kiitz. 

Achnanthes  hauckiana  Grunow 
Achnanthes  hungarica  Grunow 


Cose  sp. 
Cycl  glom 
Cycl  mene 
Cycl  oper 
Cycl  sp. 
Melo  gran 
Melo  sp. 
Step  astr 
Step  sp. 


Diat  elon 
Diat  vulg 
Diat  sp. 
Frag  brev 
Frag  capu 
Frag  cons 
Frag  crot 
Frag  harr 
Frag  inte 
Frag  pinn 
Frag  sp. 
Syne  acus 
Syne  a rad 
Syne  affi 
Syne  amph 
Syne  mini 
Syne  nana 
Syne  pule 
Syne  rump 
Syne  tene 
Syne  ulna 
Syne  u cf  a 
Syne  u bic 
Syne  vauc 
Syne  sp. 
Tabe  fene 

Euno  arcu 
Euno  pect 
Euno  vali 
Euno  sp. 

Achn  clev 
Achn  cons 
Achn  deli 
Achn  exil 
Achn  flex 
Achn  hauc 
Achn  hung 
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Table  3 continued 


Achnanthes  lanceolata  Breb. 

Achn  lane 

Achnanthes  linearis  W.  Smith 

Achn  line 

Achnanthes  marginulata  Grunow 

Achn  marg 

Achnanthes  microcephala  Kiitzing 

Achn  microc 

Achnanthes  tnicroneis  Cleve 

Achn  micron 

Achnanthes  minutissima  Kiitzing 

Achn  minu 

Achnanthes  ovata  Kiitz 

Achn  ovat 

Achnanthes  sp.  Bory 

Achn  sp. 

Cocconeis  distans  (Greg.)  Grun. 

Cocc  dist 

Cocconeis  placentula  (Ehr.) 

Cocc  plac 

Rhoicosphenia  curvata  (Kiitz.)  Grun. 

Rhoi  curv 

Biraphinideae 

Amphora  ovalis  Kiitz. 

Amph  oval 

Anomoeoneis  sp.  Pfitzer 

Anom  sp. 

Cymatopleura  solea  (Breb.)  W.  Smith 

Cyma  sole 

Cymbella  amphicephala  Naegeli 

Cymb  amph 

Cymbella  cuspidata  Kiitz. 

Cymb  cusp 

Cymbella  ventricosum  Kiitz. 

Cymb  vent 

Cymbella  sp.  Agardh 

Cymb  sp. 

Diploneis  ovalis  (Hilse)  Cleve 

Dipl  oval 

Epit hernia  sorex  Kiitz. 

Epit  sore 

Epithemia  zebra  Kiitz. 

Epit  zebr 

Epithemia  zebra  var.  proboscidea  (Kiitz.)  Grun. 

Epit  z pro 

Epithemia  sp.  Brebisson 

Epit  sp. 

Gomphonema  acuminatum  Ehr. 

Gomp  acum 

Gomphonema  acuminatum  var.  brebissonii  (Kiitz.)  Cleve 

Gomp  a bre 

Gomphonema  acuminatum  var.  coronata  (Ehr.)  W.  Smith 

Gomp  a cor 

Gomphonema  angustatum  (Kiitz.)  Rabh. 

Gomp  angu 

Gomphonema  augur  Ehr. 

Gomp  augu 

Gomphonema  gracile  Ehr. 

Gomp  grac 

Gomphonema  ventricosum  Gregory 

Gomp  vent 

Gomphonema  sp.  Agardh 

Gomp  sp. 

Gyrosigma  sp.  Hassal 

Gyro  sp. 

Navicula  cari  Ehr. 

Navi  cari 

Navicula  cessati  Rab . 

Navi  cess 

Navicula  cincta  (Ehr.)  Kiitz. 

Navi  cine 

Navicula  cocconeiformis  Gregory 

Navi  cocc 

Navicula  cryptocephala  Kiitz. 

Navi  cryp 

Navicula  cuspidatal  Kiitz. 

Navi  cusp 

Navicula  elliptica  Kiitz. 

Navi  elli 

Navicula  exigua  (Gregory)  O.  Miiller 

Navi  exig 

Navicula  gastrum  Ehr. 

Navi  gast 

Navicula  halophila  (Grun.)  Cleve 

Navi  halo 

Navicula  cf.  halophila  (Grun.)  Cleve 

Navi  cf  ha 

Navicula  humilis  Donk. 

Navi  humi 

Navicula  hungarica  var.  capitata  (Ehr.)  Cleve 

Navi  hung 

Navicula  cf.  hungarica  var.  capitata  (Ehr.)  Cleve 

Navi  cf  hu 

Navicula  menisculus  Schumann 

Navi  meni 

Navicula  minima  Grun. 

Navi  mini 

Navicula  peregrina  (Ehr.)  Kiitz. 

Navi  pere 

Navicula  placentula  (Ehr.)  Grun. 

Navi  plac 

Navicula  pusilla  W.  Smith 

Navi  pusi 

Navicula  radiosa  Kiitz. 

Navi  radi 

Navicula  rhyncocephcda  Kiitz. 

Navi  rhyn 

Navicula  viridula  Kiitz. 

Navi  viri 

Navicula  sp.  Bory 

Navi  sp. 

Nitzschia  obtusa  W.  Smith 

Nitz  obtu 

Nitzschia  romana  Grun. 

Nitz  roma 

Nitzschia  tryblionella  Hantzsch 

Nitz  tryb 
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Table  3 continued 


Nitzschia  vitrea  Norman 

Nitz  vitr 

Nitzschia  sp.  Hassal 

Nitz  sp. 

Pinnularia  gracillima  Gregory 

Pinn  grac 

Pinnularia  microstauron  var.  diminuta  (Ehr.)  Cleve 

Pinn  micr 

Pinnularia  platystona 

Pinn  plat 

Pinnularia  sudetica  (Hilse)  Hust. 

Pinn  sude 

Pinnularia  sp.  Ehrenberg 

Pinn  sp. 

Rhopalodia  sp.  O.  Muller 

Rhop  sp. 

Surrirella  ovalis  Brebisson 

Suit  oval 

Surrirella  spiralis  Kiitz. 

Suit  spir 

Superficial  examination  of  the  results  revealed  that  some  taxa  were  widely 
distributed,  eg.  Synedra  amphicephala  Kiitz.,  Synedra  ulna  (Nitzsch)  Ehr.  and 
Gomphonema  ventricosum  Gregory.  Other  taxa  had  more  restricted  distributions. 
Synedra  acus  Kiitz.  was  found  in  the  majority  of  samples  from  Somerton  but  was 
not  recorded  from  any  other  dyke.  Navicula  peregrina  (Ehr.)  Kiitz.  was  also 
more  frequent  at  Somerton.  In  contrast  Coccotieis  placentula  (Ehr.)  was  less  fre- 
quent at  Somerton  and  Potter  Hcigham  than  elsewhere  and  Rhoicosphenia  curua- 
ta  (Kiitz.)  Grun.  was  more  common  at  Ashby  with  Oby  than  anywhere  else. 
Pinnularia  microstauron  var.  diminuta  (Ehr.)  Cleve,  a benthic  species  that  favours 
high  iron  concentrations,  was  found  only  at  Potter  Heigham.  Two  computer 
programs,  DECORANA  and  TWINSPAN,  were  used  to  analyse  the  results. 

Analysis 

DECORANA  is  a FORTRAN  program  for  detrended  correspondence  analysis, 
an  ordination  technique  that  can  be  used  to  demonstrate  the  similarities  between 
vegetation  samples  (Hill,  1979a).  Fig.  3 shows  the  result  of  the  analysis.  The  84 
samples  are  arranged  so  that  samples  with  similar  species  compositions  are  close 
together  and  vice  versa. 

The  samples  from  Potter  Heigham  were  very  similar  and  form  a cluster. 
The  samples  from  Somerton  form  a second  cluster  that  is  close  to  the  fyst  but 
with  very  little  overlap.  The  Strumpshaw  samples  form  a third  cluster  that  is 
some  distance  away  from  the  first  two.  The  samples  from  Cantley,  and  most  of 
those  from  Buckenham  and  Ashby  with  Oby  form  a fourth  cluster  between  the 
other  three  that  overlaps  the  Strumpshaw  cluster.  Single  samples  from 
Buckenham  and  Ashby  with  Oby  were  unlike  the  other  samples  and  fell  outside 
the  clusters. 

TWINSPAN  (Two-Way  INdicator  SPecies  ANalysis)  is  a FORTRAN  pro- 
gram that  can  be  used  to  classify  vegetation  samples  (Hill,  1979b).  Four  diatom 
communities,  simply  called  A,  B,  C and  D,  were  recognised  by  the  analysis. 
Common  taxa  are  more  important  in  defining  the  classes  than  rarities  and  Table 
5 shows  the  taxa  that  characterize  the  four  communities,  ie.  taxa  that  were  pre- 
sent in  more  than  20%  of  samples  of  at  least  one  community. 

Two  taxa  occured  in  more  than  80%  of  samples  in  class  A:  Achnanthes 
minutisima  Kiitz.  and  Anomoeoneis  sp.,  compared  to  four  species  in  class  B:  A. 
minutisima,  S.  ulna , Diatoma  elongatum  Agardh  and  S',  amphicephala.  Only  one 
species  was  that  frequent  in  class  C:  C.  placentula,  and  four  taxa  in  class  D:  C. 
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AXIS  1 

Fig.  3.  Detrended  correspondence  analysis  ordination  of  epiphytic  diatom  sam- 
ples from  Broadland  dykes  (84  samples  from  10  dykes).  1 Somerton;  2-4  Potter 
Heigham;  5,  6 Ashby  with  Oby;  7 Cantley;  8,  9 Buckenham;  10  Strumpshaw 
(see  Table  2). 


placentula,  Epithemia  zebra  Kiitz.,  E.  zebra  var.  proboscidea  (Kiitz.)  Grun.  and 
S.  amphicephala. 

Table  6 shows  the  diatom  communities  recorded  from  each  host  in  each 
dyke  sampled.  In  those  cases  where  more  than  one  host  species  was  sampled  in 
a dyke  there  were  no  significant  differences  between  the  diatom  communities  on 
different  hosts. 

Samples  from  two  oligotrophic/mesotrophic  dykes  at  Potter  Heigham 
(macrophyte  class  Al)  were  were  assigned  to  classes  A and  B and  those  from  a 
mesotrophic/eutrophic  dyke  nearer  the  river  (macrophyte  class  A3a)  were  all 
class  B. 

Despite  its  high  salinity  (electrical  conductivity  around  5000  pS/cm)  the 
dyke  sampled  at  Somerton  supported  a mesotrophic/eutrophic  macrophyte  flora 
usually  associated  with  fresh  water  (macrophyte  class  A3a).  All  of  the  diatom 
samples  were  assigned  to  class  B. 

Most  of  the  samples  from  a macrophyte-rich  eutrophic  dyke  at  Cantley 
(macrophyte  class  A5a)  were  class  C,  with  a few  class  A and  B. 

Samples  from  two  eutrophic  dykes  at  Buckenham  (macrophyte  class  A5b) 
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Table  4. 


Frequencies'  of  diatoms2  recorded  from  Broadland  dykes,  June/July  1990. 


Locality’ 

Somerton 

Potter 

Ashby  Candey 

Buckenham  Strumpshaw 

All 

Heigham 

with  Oby 

1 

2 

3 

1 

2 

1 2 

No.  of  samples 

25 

12 

8 

2 

15 

2 104 

2 2 

7 

854 

CENTRALES 

Cose  sp. 

1 

1 

2 

Cycl  glom 

1 

1 

Cycl  mene 

15 

4 

3 

2 

1 

1 1 

2 

29 

Cycl  oper 

3 

3 

Cycl  sp. 

2 

1 

1 

1 

5 

Melo  gran 

1 

3 

3 

7 

Melo  sp. 

1 

1 

2 

Step  astr 

1 

1 

Step  sp. 

1 

1 

PENN  ALES 

Araphinideae 

Diat  elon 

24 

3 

4 

2 

1 

1 

35 

Diat  vulg 

5 

1 

1 

2 

1 

10 

Diat  sp. 

10 

2 

12 

Frag  brev 

1 

1 

Frag  capu 

2 

2 

Frag  cons 

1 

2 

1 

4 

Frag  crot 

1 

1 

Frag  harr 

1 

1 

Frag  inte 

1 

1 

Frag  pinn 

1 

1 

Frag  sp. 

1 

3 

1 

1 

1 

7 

Syne  acus 

19 

19 

Syne  a rad 

1 

1 

2 

Syne  affi 

7 

3 

2 

1 

1 

14 

Syne  amph 

20 

6 

2 

2 

2 

1 

1 1 

6 

41 

Syne  mini 

1 

1 

Syne  nana 

1 

1 

Syne  pule 

4 

1 

5 

Syne  rump 

1 

1 

Syne  tene 

4 

1 

2 

1 

2 

10 

Syne  ulna 

25 

6 

5 

2 

4 

2 1 

2 1 

4 

52 

Syne  u cf  a 

1 

1 

Syne  u bic 

2 

1 

2 

5 

Syne  vauc 

4 

4 

Syne  sp. 

1 

3 

6 

1 

6 

1 3 

2 

23 

Tabe  fene 

2 

2 

Raphinideae 

Euno  arcu 

3 

5 

1 

1 

10 

Euno  pect 

1 

1 

2 

Euno  vali 

2 

1 

3 

Euno  sp. 

3 

2 

1 

2 

1 

9 

Monoraphimdeae 

Achn  clev 

1 

1 

Achn  cons 

1 

1 

Achn  deli 

1 

1 

Achn  exil 

2 

1 

3 
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Locality5 

Somerton  Potter 

Ashby  Cantley 

Buckenham  Strumpshaw  All 

Heigham 

with  Oby 

1 2 3 

1 2 

1 2 

No.  of  samples 

25  12  8 2 

15  2 105 

2 2 7 854 

Achn  flex 

1 

1 

Achn  hauc 

2 

2 

Achn  hung 

1 

1 

Achn  lane 

3 

2 

1 

1 

7 

Achn  line 

1 

1 

Achn  marg 

1 

1 

Achn  microc 

6 

2 

1 

3 

2 

14 

Achn  micron 

1 

1 

Achn  minu 

25 

1 1 

8 

2 

2 

1 

5 

1 

2 

57 

Achn  ovat 

1 

1 

Achn  sp. 

1 

1 

1 

4 

1 

1 

9 

Cocc  dist 

1 

1 

Cocc  plac 

14 

4 

3 

2 

15 

2 

9 

2 

2 

7 

60 

Rhoi  curv 

12 

2 

2 

16 

Biraphinideae 

Amph  oval 

1 

1 

2 

4 

Anom  sp. 

2 

7 

5 

2 

1 

17 

Cyma  sole 

1 

1 

1 

3 

Cymb  amph 

1 

1 

Cymb  cusp 

1 

1 

Cymb  vent 

2 

1 

3 

Cymb  sp. 

1 

1 

2 

1 

5 

Dipl  oval 

1 

1 

2 

Epit  sore 

1 

1 

Epit  zebr 

5 

1 

2 

5 

1 

7 

21 

Epit  z pro 

1 

1 

7 

9 

Epit  sp. 

1 

1 

Gomp  acum 

1 

1 

1 

3 

1 

2 

9 

Gomp  a bre 

1 

1 

Gomp  a cor 

1 

1 

Gomp  angu 

1 

1 

1 

2 

Gomp  augu 

1 

2 

Gomp  grac 

1 

1 

2 

Gomp  vent 

16 

1 

2 

1 

7 

4 

1 

1 

4 

37 

Gomp  sp. 

2 

1 

3 

Gyro  sp. 

1 

1 

2 

Navi  cari 

1 

1 

Navi  cess 

5 

5 

Navi  cine 

1 

1 

Navi  cocc 

1 

1 

Navi  cryp 

3 

2 

1 

1 

1 

7 

Navi  cusp 

1 

Navi  elli 

1 

1 

Navi  exig 

1 

1 

Navi  gast 

1 

1 

Navi  halo 

1 

1 

Navi  cf  ha 

1 

1 

Navi  humi 

1 

1 

Navi  hung 

2 

2 

1 

1 

6 

Navi  cf  hu 

1 

1 

Navi  meni 

1 

1 

2 

Navi  mini 

2 

2 

Navi  pere 

14 

2 

2 

1 

3 

2 

1 

25 

Navi  plac 

1 

1 
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Locality5 

Somerton 

Potter 
Heigham 
1 2 3 

Ashby  Candey  Buckenham  Strumpshaw  All 
with  Oby 

12  12 

No.  of  samples 

25 

12 

8 

2 

15 

2 

104 

2 

2 

7 

854 

Navi  pusi 

1 

1 

Navi  radi 

1 

1 

5 

5 

1 

1 

14 

Navi  rhyn 

1 

1 

Navi  viri 

2 

2 

Navi  sp. 

1 1 

2 

1 

1 

15 

Nitz  obtu 

1 

1 

Nitz  roma 

1 

1 

Nitz  tryb 

1 

1 

Nitz  vitr 

1 

1 

Nitz  sp. 

2 

2 

1 

1 

1 

7 

Pinn  grac 

1 

1 

Pinn  micr 

3 

3 

Pinn  plat 

1 

1 

Pinn  sude 

1 

1 

Pinn  sp. 

1 

1 

Rhop  sp. 

1 

1 

Surr  oval 

1 

1 

1 

1 

4 

Surr  spir 

1 

1 

No.  of  taxa 

51 

28 

39  20 

39 

8 

26 

16 

23 

37 

114 

' Frequency  = number  of  samples  from  which  taxon  was  recorded 
2 See  Table  3 for  complete  names  of  diatoms 
5 See  Figure  1 

4 Including  one  sample  from  which  no  diatoms  were  recorded 

were  assigned  to  classes  B and  C,  and  those  from  two  dykes  at  Ashby  with  Oby 
(also  macrophyte  class  A5b)  mostly  to  class  C,  with  a few  class  B and  D. 

All  of  the  samples  from  a mesotrophic/eutrophic  dyke  at  Strumpshaw 
(macrophyte  class  A3b)  were  placed  in  class  D. 

Discussion 

The  dykes  sampled  were  carefully  selected  on  the  basis  of  the  aquatic  macro- 
phyte communities  present  and  known  differences  in  water  chemistry.  It  was 
expected  that  replicate  samples  from  the  same  dyke  would  find  the  same  diatom 
community  and  that  different  marshland  areas  would  support  different  diatom 
flora. 

The  results  provided  little  evidence  of  host  specificity  and  in  general  there 
was  only  slight  variation  in  the  diatom  communities  identified  in  samples  taken 
from  the  same  dyke.  However  there  were  major  differences  between  the  com- 
munities recorded  from  dykes  draining  areas  with  different  water  chemistries. 

The  DECORANA  and  TWINSPAN  analyses  complimented  each  other. 
Both  recognized  similarities  between  the  diatom  communities  in  the  nutrient- 
poor  dykes  at  Potter  Hcigham  and  in  a brackish  dyke  at  Somcrton.  Both  found 
similarities  between  the  communities  in  eutrophic  freshwater  dykes  at  Cantley, 


212 


Table  5. 


Constancy  tabic  for  the  TWINSPAN  classification  of  samples  of  diatoms  collect- 
ed from  aquatic  macrophytes  in  Broadland,  June/July  1990  (ie.  the  percentage  of 
samples  in  each  class  that  contain  each  taxon  - only  those  taxa  that  occur  in 
more  than  20%  of  samples  in  at  least  one  class  are  shown),  arranged  to  empha- 
size the  differences  between  the  classes. 


TWINSPAN  classes  A 

B 

C 

D 

No.  of  samples 

12 

39 

24 

9 

Melo  gran 

k 

Pinn  micr 

k 

Frag  sp. 

★ 

Euno  arcu 

★ 

Euno  sp. 

k 

Anom  sp. 

III 

k 

Achn  minu 

IIIII 

IIIII 

★ 

Navi  pere 

★ 

I 

k 

Cycl  mene 

k 

I 

k 

★ 

Syne  ulna 

k 

IIIII 

k 

I 

Cocc  plac 

k 

I 

IIIII 

IIIII 

Syne  amph 

I 

III 

III 

Syne  sp. 

I 

★ 

★ 

Achn  microc 

I 

★ 

Syne  tene 

I 

* 

Diat  elon 

IIIII 

Syne  acus 

I 

Navi  sp. 

* 

Diat  sp. 

★ 

Syne  affi 

★ 

Diat  vulg 

★ 

Gomp  vent 

I 

I 

I 

Navi  radi 

★ 

Achn  sp 

k 

Gomp  acum 

k 

Rhoi  curv 

I 

★ 

Epit  zebr 

IIIII 

Epit  z pro 

IIIII 

Navi  cess 

I 

Cycl  oper 

★ 

Syne  u bic 

k 

Ainph  oval 

k 

No.  of  taxa 

34 

75 

47 

39 

* 20 <40%  I 40<60%  III  60 <80%  IIIII  >80% 
See  Table  3 for  complete  names  of  diatoms 


Buckenham  and  Ashby  with  Oby,  and  both  found  that  the  diatom  flora  in  a 
freshwater  dyke  at  Strumpshaw  was  very  unlike  the  flora  at  Potter  Heigham  and 
Somerton. 
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Table  6. 


TWINSPAN  classification  of  samples  of  diatoms  collected  from  aquatic  macro- 
phytes in  Broadland  dykes,  June/July  1990. 


Diatom  communities 

No.  of  samples  from 
each  locality 

A 

B 

C D 

Potter  Heigham  1 

P.  poly 

6 

2 

8 

Eleogit 

2 

2 

Utricul 

1 

1 

2 

Potter  Heigham  2 

P.  poly 

4 

4 

8 

Potter  Heigham  3 

Fontina 

2 

2 

Somerton 

P.  perf 

11 

11 

P.  cris 

9 

9 

P.  pect 

5 

5 

Cantley 

P.  frie 

1 

1 

2 

P.  acut 

1 

6 

82 

Buckenham  2 

P.  pusi 

1 

1 

2 

Buckenham  1 

P.  frie 

2 

2 

Ashby  with  Oby  2 

Stratio 

1 

1 

2 

Ashby  with  Oby  1 

P.  pect 

1 1 

2 

Ranuncu 

1 1 

2 

P.  pusi 

1 

1 

Stratio 

2 

2 

P.  frie 

8 

8 

Strumpshaw 

P.  acut 

7 

7 

No.  of  samples 

in  each  class 

12 

39 

24  9 

1 See  Table  2 


2 Including  one  sample  from  which  no  diatoms  were  recorded 
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The  results  mirror  those  obtained  from  surveys  of  aquatic  macrophytes  and 
indicate  that  the  species  composition  and  species  richness  of  the  epiphytic 
diatom  flora  in  Broadland  dykes,  like  that  of  the  macrophytes  themselves,  are 
largely  determined  by  water  chemistry. 

The  results  presented  above  do  not  represent  an  account  of  the  distribution 
of  individual  taxa,  nor  do  they  constitute  a classification  of  the  diatom  communi- 
ties in  Broadland  dykes.  Indeed  it  would  have  been  impossible  to  achieve  such 
goals  with  the  methods  used.  Diatoms  were  recorded  from  a small  number  of 
dykes  in  the  northern  part  of  Broadland.  Although  they  were  carefully  selected 
the  dykes  sampled  covered  only  half  of  the  aquatic  macrophyte  communities 
present  in  Broadland  and  it  is  unlikely  that  they  included  all  of  the  diatom  flora. 
To  produce  an  meaningful  account  of  diatom  distribution  and  a useful  classifica- 
tion of  diatom  communities  it  would  be  necessary  to  sample  a much  larger  num- 
ber of  dykes  distributed  throughout  Broadland  and  including  the  whole  range  of 
variation  of  water  chemistry. 

Nevertheless  the  results  do  provide  an  indication  of  the  range  of  species  that 
occur  in  Broadland  dykes,  some  idea  of  the  variation  that  exists  between  the 
diatom  flora  of  different  dykes  and  an  indication  of  the  factors  that  cause  that 
variation. 
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THE  AMPHIBIANS  OF  THETFORD 
N.  Gibbons 

4,  Mackenzie  Road,  Thetford,  IP24  3NQ 

As  part  of  the  current  national  amphibian  survey  being  run  by  Leicester 
Polytechnic  and  sponsored  by  the  Nature  Conservancy  Council  240  water  bod- 
ies in  and  around  Thetford  have  been  surveyed  during  1989  and  1990.  The  sur- 
vey covers  all  varieties  of  water  bodies  including  garden  ponds.  The  area  covered 
by  the  survey  is  given  in  Fig.  1 . 

No  detailed  accounts  of  life  cycles  and  hibts  have  been  given  here  as  these 
have  been  well  covered  in  recent  papers  by  J.  Buckley. 


80  85  90  95  00 


Fig.  1.  Limits  of  survey  area 
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Survey  Methods. 

During  1989  all  surveying  was  by  daylight  visits  and  night  torching  only.  The 
daylight  visits  were  mainly  for  recording  of  habitat  and  for  observation  primarily 
of  frogs  and  toads.  As  most  amphibians  are  more  active  after  dark  the  night  visits 
using  a powerful  torch  were  the  primary  source  of  amphibian  records.  During 
1990  a wider  variety  of  methods  have  been  used  depending  on  the  pond.  This 
included  netting,  trapping  and  egg  surveying.  Each  pond  was  visited  on  several 
occasions,  normally  being  between  3 and  five  visits  each. 

At  the  national  recorders  conference  at  Leicester  in  February  1990  a presen- 
tation and  display  was  given  by  R.  Parker  of  the  Lancashire  Trust  for  Nature 
Conservation  indicating  that  surveying  for  eggs  gave  a much  higher  rate  of  suc- 
cess than  both  netting  and  torching.  Newts  lay  their  eggs  individually  onto  vege- 
tation, carefully  folding  the  material  around  the  egg  to  form  a ‘purse’.  The  pres- 
ence of  egg  cases  can  be  detected  visually  by  looking  for  ‘abnormalities’  in  the 
vegetation.  Most  egg  cases  observed  were  on  water  forget-me-not  (Myosotis  sp.) 
and  water  mint  ( Mentha  sp.),  although  some  crested  newts  were  observed  laying 
on  dead  oak  leaves  in  a pond  in  which  there  was  almost  no  submerged  vegeta- 
tion. Eggs  of  the  crested  newt  are  larger  and  whiter  than  those  of  the  palmate 
and  smooth  newts,  which  cannot  be  differentiated. 

The  system  proved  quite  successful  in  proving  the  presence  of  newts,  and 
also  gave  the  added  information  of  breeding.  Probably  partly  due  to  the  general 
low  densities  of  newts  found  in  most  cases  the  system  was  not  as  successful  as 
described,  but  was  certainly  a very  important  tool  in  the  survey,  and  resulted  in  a 
number  of  breeding  sites  being  found  where  no  adult  newts  were  ever  sighted. 
The  drawback  to  this  method  is  that  opening  of  the  egg  cases  is  required  to 
determine  to  which  species  of  newts  they  belong.  As  it  is  not  readily  possible  to 
return  the  egg  cases  to  their  closed  position,  it  was  felt  that  the  returned  eggs 
were  more  prone  to  predation.  As  a result  the  survey  limited  itself  to  two  cases 
per  pond,  with  species  present  being  confirmed  by  torch  or  net  as  required. 

Netting  was  also  found  to  be  generally  unsatisfactory,  again  probably  due  to 
the  very  low  densities  of  animals  present.  It  was  successful  in  identifying  some 
breeding  sites  by  the  catching  of  newt  tadpoles. 

A trapping  licence  was  obtained  from  the  Nature  Conservancy  Council  to 
survey  several  sites  where  vegetation  was  too  dense  for  torching  or  netting.  Due 
to  the  requirements  laid  down  in  the  licence  of  having  the  traps  close  to  the  sur- 
face with  an  air  reservoir,  this  method  was  soon  abandoned  as  unsuccessful  and 
very  time  consuming.  It  also  suffered  from  the  low  densities  of  newts  encoun- 
tered, as  demonstrated  by  testing  the  system  in  a pond  where  newts  were 
observed  by  torch.  Areas  in  which  trapping  was  tried  unsuccessfully  were  later 
covered  by  torch  and  in  many  instances  were  successful.  In  general  terms  bottle 
trapping  has  been  proven  to  be  very  successful. 

Results 

Amphibian  species  recorded  were  common  toad  ( Bufo  bufo ),  common  frog 
(Rana  temporaria),  smooth  newt  ( Triturus  vulgaris)  and  crested  newt  ( Triturus 
cristatus).  The  occurrence  of  amphibians  recorded  in  the  ponds  covered  within 
the  survey  area  is  given  in  Table  1. 

One  surprising  factor  to  emerge  from  the  survey  was  that  45%  of  all  the 
ponds  surveyed  had  no  amphibians,  and  30%  had  only  one  species  (Table  2).  In 
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Tabic  1.  Number  of  ponds  with  amphibians  present. 

Toads  Frogs  Smooth  newt  Crested  newt 

Breeding  71  35  - 

Present  but  42  14  - 

breeding  not 
recorded. 


Total  sites  113  49  53  39 

present 

Total  available  sites  * = 214 

* Market  Weston  Fen,  which  has  26  ponds  in  a very  restricted  area,  was  counted 
as  one  site. 

general  the  survey  confirmed  most  of  the  well  known  relationships  between 
amphibian  species  themselves,  and  between  amphibian  species  and  fish:  Almost 
no  newts  of  any  sort  were  found  in  ponds  and  lakes  which  were  well  stocked 
with  fish  c.g.  Lynford  Hall,  Elveden  Hall. 

What  the  survey  did  not  show  was  the  popularly  held  view  that  wherever  you 
find  crested  newts  you  will  also  find  smooth  newts.  A number  of  crested  newt 
sites  were  found  without  smooth  newts,  and  in  general,  where  crested  newt  lev- 
els were  good  smooth  newt  numbers  were  low.  This  may  be  due  to  the  predatory 
nature  of  crested  newts  or  is  possibly  a local  phenomenon. 


Table  2.  Number  of  amphibian  species  present  in  any  given  pond 

Number  of  species  present  0 12  3 4 

Ponds (%)  45  30  14  8 3 

Common  toad 

This  was  by  far  the  most  successful  amphibian  species  throughout  the  survey 
area  as  would  be  expected  from  the  generally  dry  and  wooded  nature  of  the  area. 

Common  frog 

These  were  not  scarce  in  the  survey  area,  but  were  very  limited  in  distribution  to 
the  wetter  areas  of  the  habitat,  mainly  being  found  in  the  river  valleys.  From  dis- 
cussions with  landowners  on  several  sites  they  seem  to  have  suffered  badly  in  the 
last  few  years  due  to  the  very  dry  weather. 

Smooth  newt 

These  were  found  widely  distributed  over  the  survey  area  but  numbers  were  gen- 
erally low  and  most  populations  seemed  to  be  much  lower  than  expected.  Only 
seven  sites  were  found  where  more  than  ten  newts  were  counted  in  any  one 
pond.  In  one  instance  overwintering  smooth  newt  tadpoles  were  found  in  a 


Trans.  Norfolk  Norwich  Nat.  Soc. 
1992  29(3). 


219 


Fig.  2.  Distribution  of  pond  sites  for  common  toad 


Fig.  3.  Distribution  of  pond  sites  for  common  frog 
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Fig.  4.  Distribution  of  pond  sites  for  smooth  newt 


Fig.  5.  Distribution  of  pond  sites  for  crested  newt 
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Forestry  Commission  fire  tank.  This  tank  was  densely  covered  in  duckweed 
( Lemna  sp.)  which  is  likely  to  have  kept  the  water  temperature  lower  than  nor- 
mal. 

Crested  newt 

As  expected  these  were  the  most  scarce  of  all  the  amphibian  species.  Only  seven 
sites  were  recorded  where  more  than  ten  animals  were  recorded  by  torch  in  a 
single  night,  and  four  of  these  seven  form  a close  cluster  around  the  south  east 
comer  of  the  Stanford  Battle  Area.  I am  sure  that  this  is  in  part  due  to  the  nature 
of  the  land  management.  Two  of  the  four  ponds  were  not  large  and  were  adja- 
cent or  within  agricultural  areas  growing  root  crops.  The  ponds  were  not  howev- 
er full  of  dense  algae  and  the  water  was  clear. 

The  other  three  sites  were  scattered  across  the  survey  area  and  included 
Market  Weston  Fen  Suffolk  Wildlife  Trust  reserve. 

Habitat  destruction 

One  of  the  objectives  of  the  Nature  Conservancy  Council  survey  was  to  plot 
habitat  destruction.  While  many  water  bodies  were  found  to  be  have  been  elimi- 
nated, the  surprising  fact  was  that  we  found  and  recorded  many  more  ponds 
than  were  shown  on  the  Landranger  1:25,000  scale  maps.  This  was  despite  the 
very  dry  period  during  which  the  survey  was  carried  out.  The  additions  were 
mainly  old  marl  pits  or  woodland  ponds. 

The  main  causes  of  loss  of  habitat  are  given  below:- 


From  a total  number  of  ponds  surveyed  this  represents  a 12%  loss. 

There  is  no  doubt  however,  that  many  sites  are  now  totally  unsuitable  for 
amphibians.  This  is  either  through  habitat  destruction  around  the  breeding  sites, 
serious  degradation  of  the  site  e.g.  by  nitrate  run-off  from  agriculture,  or  through 
neglect  as  they  arc  no  longer  necessary  as  part  of  agricultural  practices.  This  is 
most  evident  from  the  number  of  old  marl  pits  and  ponds  which  are  in  many 
cases  now  completely  isolated  apart  from  a narrow  fringe  of  habitat  around  the 
margin.  The  majority  of  these  held  no  amphibians  at  all,  or  at  best  hold  extreme- 
ly low  numbers. 

A large  part  of  the  survey  area  consisted  of  the  Thetford  Forest.  Within  this 
area  many  Forestry  Commission  fire  point  sites  were  identified.  Some  of  these 
had  been  completely  filled  in  and  destroyed,  others  had  been  largely  filled  with 
pebbles,  and  others  had  been  lidded.  The  fire  points  which  have  been  partially 
filled  with  pebbles  have  proved  extremely  successful  amphibian  sites,  most  hav- 
ing good  concentrations  of  breeding  toads,  but  several  also  containing  smooth 
newts,  and  one  with  breeding  frogs.  The  Forestry  Commission  were  at  the  time 
of  the  survey  undertaking  the  lidding  of  most  of  the  remaining  fire  tanks  for  safe- 
ty reasons,  thus  further  reducing  the  number  of  sites  available  to  amphibians. 

As  part  of  the  national  survey  a number  of  sites  has  been  chosen  for  long 
term  monitoring  to  evaluate  changes  in  amphibian  populations.  Five  sites  in  the 
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survey  area  have  been  chosen  and  these  will  be  monitored  from  1992  onwards, 
with  three  visits  per  year  during  the  amphibian  breeding  season.  This  data  will 
be  collated  by  Leicester  Polytechnic. 

Management 

Although  the  intention  when  started  was  to  conduct  this  as  a survey,  it  rapidly 
evolved  into  practical  exercise  in  habitat  construction  and  management. 

As  a result  of  complaints  to  the  Forestry  Commission  by  members  of  the 
public  regarding  distressed  toads  around  a recently  lidded  fire  tank  at  Drymere, 
the  importance  of  these  sites  for  amphibians  was  highlighted.  Discussions 
between  the  Thetford  Natural  History  Society  and  the  Forestry  Commission 
resulted  in  the  immediate  construction  of  an  artificial  pond  adjacent  to  the  lid- 
ded fire  tank.  With  sponsorship  from  the  Forestry  Commission  and  the  Shell 
Better  Britain  Campaign  an  additional  nine  ponds  have  been  constructed  in  the 
forest  either  adjacent  to  lidded  fire  tanks,  or  at  places  where  reduced  w7ater  table 
or  the  destruction  of  their  original  habitat  has  occurred. 

As  well  as  this,  a total  of  eleven  ponds  have  had  management  work  carried 
out  on  them  by  the  Thetford  group.  Most  of  these  were  on  Forestry 
Commission  property,  but  four  were  also  on  the  Elvedcn  Estate  where  low  levels 
of  crested  newts  were  found  to  be  breeding.  This  is  in  addition  to  a number  of 
ponds  constructed  and  renovated  by  the  Commission  itself.  These  ponds  have 
been  fairly  successful  and  toads,  smooth  and  crested  newts  have  been  found 
using  them  to  breed. 

A number  of  other  issues  were  realised  during  the  survey  and  played  an 
important  part  in  the  management  of  some  of  the  sites,  one  of  them  being  the 
effect  of  deer  wallowing. 

Some  of  the  Forestry  Commission  sites  appeared  initially  to  have  problems 
due  to  presence  of  wind  blown  trees.  Observations  showed  how-ever  that  in  some 
instances  these  were  beneficial  in  that  they  provided  a protective  barrier  to  deer 
wallowing.  Deer  wallowing  can  lead  to  complete  absence  of  aquatic  vegetation 
due  to  disturbance  and  water  turbidity,  with  subsequent  destruction  of  the  pond 
as  an  amphibian  site.  In  several  sites  deer  access  was  limited  by  fallen  trees  and 
the  demarcation  between  the  vegetated  and  churned  up  sections  of  the  pond  was 
very  clear,  and  closely  correlated  with  amphibian  sitings. 

Key  sites 

One  part  of  the  blanket  area  was  to  identify  key  amphibian  sites  such  that  they 
could  be  monitored  and  maintained.  One  method  of  assisting  in  the  process  was 
to  see  if  any  sites  would  achieve  the  requirements  for  SSSI  status.  As  part  of  the 
English  Nature  SSSI  Criteria  Guidelines  there  is  a system  of  assessing  sites  by 
the  numbers  and  ranges  of  amphibian  species  present  (Table  3).  Without  the 
presence  of  natterjack  toad  ( Bufo  calamita ) which  requires  special  consideration, 
the  requirements  for  a site  to  be  considered  as  an  SSSI  is  to  achieve  a minimum 
of  ten  points.  Apart  from  the  direct  score  obtained  from  population  studies, 
additional  points  are  given  for  sites  with  four  or  five  amphibian  species  present. 

Using  this  system  there  are  no  individual  ponds  with  sufficient  numbers  and 
variety7  of  amphibians  to  achieve  the  necessary  ten  point  score  to  enable  it  to 
achieve  SSSI  status.  When  collections  of  ponds  in  a site  area  are  considered 
scores  can  be  increased  and  some  areas  then  start  to  achieve  the  ten  point  crite- 
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Table  3.  A scoring  system  for  the  selection  of  sites  with  amphibian  assemblages. 


Low  Good  Exceptional 

population  population  population 


Score  1 Score  2 Score  3 


Crested  newt 

Seen  or  netted  in  day 
Counted  at  night 

<5 

<10 

5 - 50 
10  - 100 

>50 

>100 

Smooth  newt 

Netted  in  day) 
Counted  at  night ) 

<10 

10  - 100 

>100 

Palmate  newt 

Netted  in  day) 
Counted  in  night ) 

<10 

10  - 100 

>100 

Common  toad 

Estimated 

Counted 

<500 

<100 

500  - 5000 
100-  1000 

>5000 

>1000 

Common  frog 

Spawn  clumps 
counted 

<50 

50  - 500 

>500 

ria  minimum  e.g.  the  Fowlmere/  Punchbowl  complex.  It  is  interesting  to  note 
that  while  the  latter  area  is  already  an  SSSI  for  general  biological  reasons,  it  also 
achieves  the  minimum  SSSI  requirements  on  amphibian  numbers  alone.  Others 
only  fall  just  short  with  nine  points  such  as  West  Harling  and  Weeting,  and 
Market  Weston  Fen  with  eight.  As  more  data  become  available  the  accuracy  of 
these  numbers  can  be  more  certain. 

As  a final  observation  from  a friend  “This  will  be  some  really  good  data 
when  you  repeat  it  in  10  years  time!” 
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MANAGEMENT  AND  THE  INVERTEBRATES  OF  A PHRAGMITES 

SWAMP  AT  HICKLING 

B.  R.  Laurence,  M.K.M.  Ditlhogo,  R.  James  and  W.J.  Sutherland 
School  of  Biological  Sciences,  University  of  East  Anglia,  Norwich,  NR4  7TJ. 

Reeds  beds  in  Norfolk,  by  tradition,  have  been  maintained  by  cutting  the  reed 
for  thatching.  A Phragmites  bed  accumulates  silt  and  organic  debris  and,  if  it  is 
left  alone,  a natural  succession  to  a more  fenland  type  of  habitat  follows,  with  the 
invasion  of  the  swamp  by  willows,  alder  and  birch.  Ornithologists  have  for  a 
long  time  been  interested  in  maintaining  this  habitat  as  it  contains  a range  of 
interesting  species  including  such  rarities  as  bittern,  marsh  harrier,  bearded  tit 
and  Savi’s  warbler.  It  also  supports  many  localised  wetland  invertebrates  and 
plants.  Some  conservation  measures  arc  needed  to  arrest  this  natural  process  of 
succession  to  fen.  Cutting  the  reed  is  labour  intensive  and  during  1988-89  we 
investigated  the  effect  of  controlled  burning  of  overwintered  reed  on  the  inverte- 
brate fauna  of  a small  area  of  Phragmites  marsh  (1 50  x 120  m)  near  Stubb  Mill  at 
Hickling  (Hundred  Acre  Marsh,  O.S.  Grid  ref.  TG  43421 1).  In  the  experiment, 
we  compared  the  effects  of  burning  off  the  reed  with  the  effects  of  cutting  and 
removing  the  reed,  and  compared  both  with  similar  areas  of  the  marsh  which 
were  left  unmanaged.  The  burning  of  any  habitat,  of  course,  is  an  emotive  issue 
and  we  needed  to  have  exact  information  about  the  effects  of  burning  on  the 
invertebrate  populations  of  Phragmites  marsh,  on  which  many  of  the  birds 
depend  for  food  during  the  breeding  season.  If  left  alone,  the  habitat  will  even- 
tually disappear  and  this  is  a situation  which  is  common  to  many  problems  in  the 
conservation  of  “natural”  habitats. 

Experiment 

The  experiment  was  begun  in  late  March  1988.  The  experimental  area  of  the 
marsh  was  divided  into  15  blocks  (5  rows  of  3 blocks),  each  30  x 40  m in  area. 
The  three  treatments  - burnt,  cut  and  unmanaged  - were  replicated  in  each  of 
the  5 rows  in  a randomised  block  design.  Swathes  about  2 m wide  separated  the 
blocks  from  one  another.  With  the  permission  of  the  Nature  Conservancy 
Council,  Rob  Andrews  (Broads  Authority)  and  Frances  Russell  (Norfolk 
Naturalists  Trust)  expertly  prepared  these  treatments  of  the  swamp.  The  marsh 
was  then  flooded  according  to  normal  practice  in  April  for  the  growing  season  of 
the  reed,  and  again  the  following  year. 

In  order  to  sample  flying  insects  in  the  swamp,  30  water  traps  (yellow  plastic 
bowls,  20  cm  diameter,  9 cm  deep,  containing  water  with  a few  drops  of  kitchen 
detergent)  were  placed  on  platforms  one  metre  above  the  ground,  one  in  the 
centre  of  each  block  and  one  more  peripheral  within  the  block.  The  water  traps 
were  left  in  the  reed  bed  for  5 days  in  May,  in  July,  in  October  1988  and  again  in 
May  1989.  The  catch  was  retained  by  filtering  through  muslin,  and  then  pre- 
served in  alcohol  for  later  identification  and  counting.  Sticky  traps  were  mount- 
ed below  each  platform  but  these  were  not  a great  success  due  to  damage  by  the 
waving  reed  and  eventually  were  abandoned. 

The  soil  fauna  was  investigated  by  taking  22  cm  diameter  cores  to  a depth  of 
1 0 cm  amongst  the  roots  of  Phragmites , two  cores  near  the  centre  of  each  block 
and  two  more  peripheral  within  the  block,  in  April,  in  August  and  in  October 
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1988  and  again  in  April  1989.  The  cores  were  extracted  by  heat  (20°C  rising 
over  7 days  to  55°C)  in  modified  Tullgren  funnels,  with  the  larval  insects  and 
other  invertebrates  collected  in  alcohol  for  subsequent  identification  and  count- 
ing. Emergence  traps  were  also  placed  in  the  swamp  to  see  what  species 
emerged  from  the  soil.  The  profile  of  the  marsh  was  measured  by  water  depth 
throughout  the  experimental  area  in  May  1989,  to  see  if  this  influenced  the 
abundance  of  soil  and  flying  invertebrates. 

Reed  stems  were  sampled  3 months  and  8 months  after  treatment  of  the 
swamp.  By  this  time,  the  reed  has  grown  up  in  all  the  blocks.  Samples  were 
taken  centrally  and  also  towards  the  periphery  of  each  block.  Stems  collected  in 
June  were  dissected  in  the  laboratory  and  any  larvae  present  identified.  Damage 
to  the  reed  by  drinker  and  wainscot  moths,  and  by  the  gall  flies  Lipara  and 
Giraudiella , was  assessed  in  the  field  in  November. 

The  majority  of  flying  and  emerging  insects  were  Diptera  and  these  were 
identified  whenever  possible  to  species  or  to  genus.  Difficult  families  were  sort- 
ed but  not  named.  Mr  A.  A.  Allen  identified  some  of  the  beetles,  Dr  A.  J.  A. 
Stewart  identified  some  of  the  froghoppers  and  Ms  J.  Palmer  identified  all  the 
thrips.  A list  of  the  species  positively  identified  has  been  deposited  in  the  Castle 
Museum,  Norwich.  Larvae  from  the  soil  samples  and  other  invertebrates  were 
sorted  mainly  to  families.  The  results  were  analysed  by  analysis  of  variance  and 
regression,  and  in  more  detail  for  certain  species.  Full  details  of  the  experiment 
and  analysis  are  given  in  Ditlhogo  et  al.,  (in  press),  and  in  Cowie  et  al.,  (in 
press). 

Recovery  of  the  swamp  after  managment 

When  the  first  samples  were  taken  in  April  and  May,  one  to  two  months  after 
management,  the  abundance  of  old  reed  stems  in  the  unmanaged  blocks  con- 
trasted with  its  absence  in  both  the  cut  and  the  burnt  blocks  of  marsh.  This  dif- 
ference was  reflected  in  the  insects  captured  in  the  water  traps  (see  Table  1). 
Many  more  large  hoverflies  (Syrphidae),  especially  Helophilus  hybridus  and  H. 
pendulus,  a variety  of  green  dolichopodid  flies,  such  as  Syntormon  pallipes, 
Dolichopus  lepidus  and  D.  latelimbatus , and  some  meniscus  midges,  Dixa  autum- 
nalis,  were  found  amongst  the  unmanaged  reed.  In  contrast,  there  were  many 
more  scatopsid  flies  in  the  water  traps  from  the  cut  and  burnt  areas,  the  easily 
recognised  Swammerdamella  brevicomis  (where  the  wing  veins  cut  off  an  equilat- 
eral area  at  the  tip  of  the  wing),  and  many  more  flower  beetles  Meligethes 
(Nitidulidae).  Also  the  small,  mud-loving  ephydrid  flies,  some  beetles  such  as 
the  weevil  Ceuthorrhychus  assimilis,  winged  aphids  and  spiders  were  caught  in 
larger  numbers  in  the  cut  and  burnt  areas.  The  hoverflies  were  present  amongst 
the  standing  reed  as  the  traps  were  collected  and  the  flies  used  the  reed  for 
perching  and  as  a refuge.  On  the  other  hand,  in  the  cut  and  burnt  areas,  the 
water  traps  standing  one  metre  above  the  ground  were  more  prominent,  and  this 
may  be  the  reason  for  the  increased  numbers  found  in  the  managed  blocks  of  the 
marsh,  compared  to  those  trapped  in  marsh  covered  by  the  old  reed. 

The  type  of  management  did  not  appear  to  effect  the  numbers  of  inverte- 
brates collected  within  the  burnt  areas  of  the  swamp  compared  to  the  numbers 
collected  in  the  cut  areas  (Table  1).  There  were  two  traps,  an  inner  and  an 
outer,  in  each  block  and  the  numbers  captured  in  the  inner  traps  arc  closely  cor 
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Tabic  1 Mean  catch  (and  standard  error)  of  arthropods  in  water  traps,  May 
1988,  following  management  of  the  swamp  in  March. 


Treatment 

Unmanaged 

Cut 

Burnt 

Syrphidae 

32.2 

1.8 

1.5 

(3.95) 

(0.44) 

(0.58) 

Dolichopodidae 

4.1 

0.1 

0.7 

(0.72) 

(0.10) 

(0.30) 

Dixidae 

0.9 

0.2 

0.4 

(0.38) 

(0.20) 

(0.22) 

Scatopsidae 

0.6 

9.6 

12.0 

(0.40) 

(2.20) 

(2.83) 

Ephydridac 

6.9 

15.0 

15.3 

(0.82) 

(3.32) 

(3.67) 

Nitidulidae 

3.6 

25.1 

29.1 

(0.87) 

(4.18) 

(2.91) 

Curculionidae 

0.5 

4.7 

7.9 

(0.17) 

(0.87) 

(1.82) 

Araneae 

2.3 

5.1 

6.8 

(0.45) 

(1.18) 

(1.14) 

related  with  the  numbers  caught  in  the  outer  traps  of  each  block.  There  is, 
therefore,  good  evidence  that,  despite  the  mobility  of  flying  insects,  the  numbers 
in  the  traps  arc  representative  of  the  numbers  of  aerial  species  in  each  block. 
The  soil  samples,  also,  showed  little  evidence  of  any  difference  between  the 
burnt  and  the  cut  blocks  of  swamp.  When  these  were  taken  in  April,  soon  after 
management,  the  numbers  of  fly  larvae,  beetles,  corixids,  Collcmbola,  mites, 
slugs,  snails,  isopods  and  earthworms  could  not  be  shown  to  have  been  affected 
by  the  burning  or  by  the  cutting  of  the  reed.  The  swamp  was  very  wet  and  the 
firing  of  the  reed  had  had  little  effect  on  the  soil  invertebrates  over  which  it  had 
passed. 

When  samples  were  taken  later  in  July,  August  and  October,  the  new  reed 
had  grown  up  in  all  the  blocks  within  the  experimental  area  of  the  swamp.  In 
August,  more  chironomid  midge  larvae  were  found  in  the  soil  samples  from  the 
unmanaged  areas  and  this  may  reflect  the  influence  of  the  height  of  the  vegeta- 
tion on  the  earlier  oviposition  by  the  adult  midges.  More  larvae  of  the  beetle 
Hydrobius  were  then  found  in  the  managed  blocks,  both  burnt  and  cut,  and  pos- 
sibly more  adult  beetles  had  been  attracted  earlier  to  these  more  open  sites. 
Again,  no  obvious  differences  were  found  between  the  soil  fauna  of  the  burnt 
and  cut  areas  of  the  swamp.  By  October,  soil  samples  showed  that  only  the 
corixids  and  the  thrips  were  more  abundant  in  the  unmanaged  blocks  but  once 
again  it  was  not  possible  to  show  any  difference  between  the  burnt  and  cut  areas. 

A similar  result  was  seen  in  the  insects  captured  in  water  traps,  which  by  July 
and  October  no  longer  showed  the  differences  between  the  managed  and  the 
unmanaged  areas  seen  in  May.  This  perhaps  was  not  surprising  beacuse  by  then 
it  was  difficult  to  distinguish  one  block  of  Phragmites  swamp  from  another  due  to 
the  growth  of  the  reed.  Fewer  scatopsid  flies  and  flower  beetles  were  present  but 
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the  abundance  of  dolichopodid  fly  species  and  the  hoverfly  Helophilus  were  now 
more  evenly  distributed  throughout  the  swamp.  Examination  of  the  reed  in  June 
and  in  November  showed  that  more  damage  was  visible  in  the  unmanaged  areas 
from  the  presence  of  chloropid  flies,  wainscot  and  drinker  moths  where  eggs  and 
overwintering  larvae  could  have  been  carried  over  from  the  previous  season  in 
the  uncut  reed. 

One  year  after  the  initial  burning  and  cutting  of  the  reed,  when  the  water 
trapping  and  soil  sampling  were  repeated  in  May,  1989,  the  flower  beetles 
Meligethes  again  were  predominant  in  the  previously  cut  and  burnt  areas,  com- 
pared with  the  unmanaged,  and  adult  craneflies  (Tipulidae),  predominantly 
Pedicia  immaculata,  were  more  abundant  in  the  blocks  left  unmanaged  the  year 
before.  This  may  reflect  the  behaviour  of  ovipositing  females  which  avoided 
areas  of  marsh  with  or  without  tall  vegetation  the  year  before,  although  there  was 
no  obvious  difference  in  the  distribution  of  tipulid  larvae  in  the  soil  samples 
taken  from  below  the  reed.  The  water  trap  collections  were  subject  to  bias  as 
only  the  males  of  P.  immaculata  (but  not  of  other  tipulids)  were  captured  in  the 
traps.  However,  males  are  a good  indication  of  local  larval  breeding  and  of  adult 
emergence  from  the  swamp. 


Burning  versus  cutting  the  reed 

We  are  unable  to  show  that  burning  had  any  more  adverse  effect  on  the  inverte- 
brate fauna  at  Hickling  than  cutting  the  reed.  The  main  differences  found  in 
this  study  were  between  managed  (either  burnt  or  cut)  and  unmanagcd  reed. 
Differences  were  also  seen  between  the  rows  of  randomised  treatment  blocks  in 
the  swamp.  Although  the  stand  of  reed  looked  very  uniform,  there  was  notice- 
able variation  in  the  water  level  through  the  experimental  area  of  the  swamp. 
Rows  of  blocks  that  were  more  waterlogged  tended  to  have  lower  soil  and  litter 
populations  than  the  higher  and  drier  rows  (not  surprisingly,  the  exception  here 
was  with  the  water  beetles).  The  height  of  the  reed  initially  in  the  unmanaged 
blocks  appeared  to  be  the  main  factor  determining  the  differences  between  man- 
aged and  unmanaged  blocks  of  reed.  The  bum  in  March,  before  the  growth  of 
new  reed,  passed  above  the  level  of  the  soil  and  there  was  no  evident  loss  in  the 
samples  of  the  soil  fauna  taken  from  the  burnt  areas  which  could  have  been  due 
to  any  overheating  below  the  reed.  The  absence  of  any  negative  effect  of  burning 
the  reed  is  shown  in  Table  2 where  the  total  number  of  specimens  collected  by 
standard  methods,  and  the  total  number  of  animals  recognised,  is  remarkably 
uniform,  both  for  the  water  trap  collection  and  for  the  soil  core  samples  taken 
from  the  blocks  of  the  Phragmites  swamp  that  were  either  burnt,  cut  or  left 
unmanaged.  There  appears  to  be  no  reason,  therefore,  to  suppose  that  a con- 
trolled burn  has  a deleterious  effect  on  the  invertebrate  fauna  and  this  method 
could  be  used  in  the  maintenance  of  strands  of  Phragmites  reed.  In  the  present 
study,  parts  of  the  swamp  were  left  unmanagcd.  Whether  burning  or  cutting  is 
used,  it  would  be  desirable  to  leave  part  of  any  Phragmites  marsh  unmanaged  so 
that  the  recolonisation  of  the  new  growth  is  possible  from  the  stands  of  old  reed 
within  the  swamp. 
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Table  2.  Total  numbers  (Nos)  and  species  nchness  or  taxa  recognised  (Spp)  per 
10  water  traps  and  20  soil  cores  for  each  treatment  of  the  swamp. 


Water  traps 

May  1988 

July  1988 

Oct  1988 

May  1989 

Nos 

Spp 

Nos 

Spp 

Nos 

Spp 

Nos 

Spp 

All  invertebrates 

Burnt 

2903 

84 

2458 

134 

4142 

110 

1221 

94 

Cut 

2447 

79 

2861 

142 

4979 

101 

1236 

94 

Unmanaged 

1955 

95 

2831 

134 

5036 

105 

1233 

94 

Diptcra  only 

Burnt 

2295 

64 

2063 

110 

2078 

89 

937 

76 

Cut 

1918 

59 

2411 

123 

2565 

83 

924 

74 

Unmanagcd 

1767 

76 

2447 

115 

2345 

89 

1037 

74 

Soil  Cores 

April  1988 

Aug.  1988 

Oct.  1988 

May  1989 

Nos 

Spp 

Nos 

Spp 

Nos 

Spp 

Nos 

Spp 

Burnt 

2846 

26 

10401 

31 

3290 

30 

6361 

31 

Cut 

1994 

27 

5186 

29 

5756 

30 

4355 

27 

Unmanagcd 

2847 

29 

11859 

31 

4474 

26 

4036 

25 

In  the  water  traps,  most  invertebrates  identified  beyond  family  or  genus  or 
species;  in  soil  cores,  most  invertebrates  identified  to  family  or  above. 

The  invertebrate  fauna  of  the  reed  swamp  at  Hickling 

Visitors  and  residents: 

In  most  habitats  there  is  a resident  fauna  breeding  on  site  and  a migratory 
one  which  may  feed  in  the  habitat  or  arrive  there  purely  by  chance.  This  is  true 
of  the  Phragmites  swamp  at  Hickling.  The  swallowtail  butterfly  was  a majestic 
visitor,  although  the  larval  host  plant,  milk  parsley,  did  not  grow  in  the  study 
area.  The  large  numbers  of  Meligethes  flower  beetles,  and  the  weevils 
Ceuthorrhynchus , whose  larvae  live  on  Cruciferae,  including  cultivated  rape,  and 
the  occasional  bumble  bee  or  hive  bee  that  were  collected,  had  no  real  reason  to 
be  visiting  the  almost  pure  stand  of  Phragmites  which  contained  few  other  flower- 
ing plants.  A number  of  coprophagous  species  of  fly  more  normally  associated 
with  the  dung  of  cattle  and  other  large  domestic  animals  settled  into  the  swamp, 
such  as  Psychoda  phalaenoides,  P.  trinodulosa,  Sylvicola  punctata,  Sepsis  cynipsea, 
Coproica  lugubris,  Scathophaga  stercoraria,  Polietes  lardarius  and  Dasyphora 
cyanella.  A blowfly  Calliphora  vicina  was  also  clearly  an  immigrant.  There  were 
mammals  and  faeces  in  the  swamp  (water  deer,  harvest  mice,  and  shrews)  but 
not  enough  to  provide  much  of  a larval  habitat  for  these  species  normally  depen- 
dent on  larger  sources  of  production.  A more  usual  habitat  would  be  the  field  of 
sheep  on  a neighbouring  pasture. 
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Plant  dwellers: 

Amongst  the  residents  of  the  swamp,  there  were  the  plant  feeders.  The  reed 
supported  a small  population  of  the  wainscot  moth  and  the  drinker  moth.  The 
terminal  galls  of  the  chloropid  fly  Lipara  lucens  were  present,  although  the  adult 
fly  never  appeared  in  the  water  traps,  and  another  chloropid  Platycephala  and  the 
gall  midge  Giraudiella  were  identified  in  the  larval  stage  during  dissections  of  the 
leaves  of  the  reed.  The  Phragmites  and  other  sedges  and  grasses  accounted  for 
the  presence  in  the  water  traps  of  adults  of  the  following  small  acalypterate  flies 
which  have  the  larval  stages  in  Gramineae:  Opomyza  germinationis,  O.  petrei, 

Geomyza  tripuncata,  Anthomyza  gracilis , Scaptomyza  pallida , Phytomyza  nigra, 
Agromyza  lucida,  A.  albipennis,  Cerodontha  denticomis  and  Elachiptera  comuta. 
The  scathophagid  fly  Cleigastra  apicalis  is  especially  associated  with  Phragmites. 
There  were  also  the  thrips  (Thysanoptera)  associated  with  grasses,  Limothrips 
cerealium,  L.  denticomis,  Chirothrips  manicatus  and  the  Oriental  rice  thrips 
Stenchaetothrips  bifomiis,  a long  way  from  south-east  Asia.  The  local  sedge  bug 
Stenodema  trispinosum  (with  3 spurs  on  the  hind  femora  of  the  adult)  was  cap- 
tured frequently  in  both  larval  and  adult  stages,  as  were  the  froghoppers  Chlorina 
glaucescens  and  C.  smaragdula  and,  at  the  base  of  the  stems,  the  other  delphacids 
Megamelodes  venosus  and  Euidella  speciosa.  These  homopteran  bugs  could  have 
been  the  hosts  of  the  strepsipteran  Elenchus  tenuicomis,  the  males  of  this  strange 
group  of  parasitic  insects  appearing  in  several  water  traps  in  July.  Another  para- 
site of  Homoptera  was  the  pipunculid  fly  Cephalops  titania. 

Water  and  soil  dwellers: 

The  most  abundant  invertebrates  in  the  swamp  were  those  known  to  have 
most  of  their  life  cycle  in  the  wet  soil  beneath  the  growth  of  the  reed.  In  the  soil, 
the  most  abundant  animals  were  mites,  oligochaete  worms  and  chironomid 
midge  larvae.  In  the  air,  the  most  abundant  insects  captured  were  adult  chirono- 
mid midges.  It  could  be  argued  that  the  water  traps  might  collect  a dispropor- 
tionate number  of  water-attracted  insects  but  the  sticky  traps  placed  beneath  the 
water  trap  platform  produced  much  the  same  selection  of  species.  Some  of  the 
midges  captured  in  the  water  traps  had  only  just  emerged  and  others  were  also 
captured  in  the  emergence  traps  placed  in  the  swamps.  Although  difficult  to 
identify,  the  following  species  have  good  taxonomic  characters  in  the  males  and 
were  frequently  captured  or  had  emerged  from  the  swamp:  Arctopelopia  gn- 

seipennis,  Xenopelopia  nigricans,  Zavrelimyia  melanura,  Psectrocladius  sordidellus, 
Limnophyes  minimus,  Pseudosmittia  angusta,  P.  trilobata,  Camptochironomus  pal- 
lidivittatus , Leptochironomus  tener  and  Polypedilum  acutum.  There  was  also  the 
phantom  midge  Chaoborus  crystallinus  and  males  and  females  of  the  mosquitoes 
Aedes  annulipes  and  A.  cinereus.  The  craneflies  are  also  an  important  component 
of  the  soil  fauna  and  also  part  of  the  diet  of  the  chicks  of  the  bearded  tit;  large 
adults  were  seen  being  carried  through  the  reed.  Twenty  species  of  cranefly 
(Tipulidae)  were  identified  from  the  water  traps  and  the  species  most  closely 
associated  with  breeding  in  wetlands  are  the  following:  Prionocera  turcica,  Tipula 
luteipennis.  T.  melanoceros,  Helius  flavus,  H.  longirostns,  Pedicia  immaculata, 
Limnophila  ferruginea,  L.  nemoralis,  Molophilus  ochraceus  and  M.  pleuralis.  Moth 
fly  larvae  were  frequent  in  the  soil  and  the  adults  of  Sycorax  silacea, 
Boreoclytocerus  ocellaris,  Pericoma  nubila,  Telmatoscopus  consors  and  T.  notabilis 
group  were  trapped,  as  well  as  7 species  of  Psychoda.  The  most  common 
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tachinid  fly  Siphona  geniculata,  several  of  which  were  newly  emerged  in  the 
swamp,  is  parasitic  on  tipulid  larvae. 

In  the  higher  Diptcra,  the  green  dolichopodids  were  prominent  on  the  leaves 
of  Phragmites , especially  the  species  of  Hercostomus  and  two  of  the  5 species,  H. 
chalybeus  and  H.  chrysozygos,  are  local  in  distnbution.  Of  the  9 species  of 
Dolichopus  from  the  swamp,  D.  andalusiacus  appears  to  be  the  least  recorded 
species.  D.  lepidus  was  trapped  frequently  but  there  was  no  sign  of  the  similar 
D.  laticola,  known  only  from  Ormesby  Broad  and  Bure  Nature  Reserve.  Three 
common  species  of  Campsicnemus  (C.  armatus,  C.  curvipes  and  C.  scambus), 
where  the  males  have  peculiarly  modified  legs,  were  found  at  Hickling. 
Dolichopodid  or  empid  larvae  were  frequent  in  the  soil  core  samples.  The  small 
predacious  adults  of  the  surface  feeding  empids  in  the  large  genus  Platypalpus 
were  frequently  captured  in  the  water  traps,  although  none  of  the  9 species  iden- 
tified was  associated  particularly  with  wet  habitats.  Other  empids  ( Hilara  chori- 
ca,  H.  clypeata,  Rhamphomyia  crassirostris,  R.  geniculata,  R.  maculipennis  and  R. 
simplex ) arc  associated  with  water  and  the  males  of  these  species  captured  at 
Hickling  probably  all  catch  their  prey  above  the  water  surface,  before  presenting 
it  to  the  females  during  mating.  The  presence  of  Hybos  femoratus,  Chelipoda 
vocatoria,  Chelifera  precatona  and  Phyllodromia  melanocephala  (several  specimens) 
was  a little  surprising  but  the  larvae  might  breed  in  damp  situations.  Other 
Brachycera  were  the  stratiomyiids  Odontomyia  tigrina  and  O.  viridula,  and  the 
downlookers  (Rhagionidae)  Chrysopilus  cristatus  and  Rhagio  scolopacea.  Although 
the  last  species  was  common  on  the  reeds,  only  one  or  two  of  these  last  four 
species  came  into  the  traps,  emphasising  the  selectivity  of  the  traps  for  certain 
species. 

The  hovcrflics  (Syrphidac)  were  a mixture  of  adults  with  aphid-feeding  lar- 
vae ( Syrphus , Episyrphus  and  Metasyrphus ) and  typical  marshland  species  such  as 
Chrysogaster  hirtella,  Lejogaster  rnetallina,  Neoascia  tenur,  Pyrophaena  granditarsa 
and  Tropidia  scita,  plus  the  group  with  rat-tailed  maggot  larvae  Eristalis  (5 
species),  Helophilus  (2  species),  Anasimyia  contracta  and  Eristalinus  sepulchralis. 
Syrphid  larvae  were  found  in  the  soil  amongst  the  roots  of  Phragmites  but  many 
adult  hoverflies  could  have  come  from  the  drainage  ditches  surrounding  the 
swamp. 

Associations  between  species 

Slugs  and  snails  were  found  in  most  soil  samples,  apparently  unaffected  by  burn- 
ing, and  as  hosts  these  molluscs  would  account  for  the  6 genera  and  9 species  of 
parasitic  sciomyzid  flies  found  in  the  water  traps.  Other  numerous  acalypterate 
flies  were  the  small  sphaerocerids  (18  species),  including  a male  of  Minilimosina 
gemella,  a species  only  recorded  previously  from  an  alpine  meadow  in  Austria 
and  hills  above  91  m in  northern  England.  There  is  a suggestion,  however,  that 
this  species  has  an  affinity  for  water  traps. 

There  were  a number  of  associations  between  vertebrates  and  invertebrates 
on  the  marsh.  One  of  the  sphaerocerids  Ischiolepta  paracrenata  was  collected  on 
more  than  one  occasion  and  this  species  is  associated  especially  with  the  nests  of 
water  vole  and  water  birds.  A small  sepsid  fly  Themira  superba  is  associated  with 
the  droppings  of  water  birds  and  this  species  also  appeared  on  more  than  one 
occasion  in  the  traps. 
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There  were  also  associations  between  the  predacious  species  of  invertebrates 
and  the  other  invertebrates  in  the  swamp  although  the  details  remain  unknown. 
In  addition  to  the  predacious  empids  and  dolichopodid  flies,  and  the  aphid-eat- 
ing syrphid  larvae,  mentioned  already,  there  were  8 species  of  the  subfamily 
Coenosiinae,  a predacious  group  of  flies  related  to  the  housefly,  and  13  species 
of  scatophagid  fly  related  to  the  dungfly  Scathophaga  stercoraria  were  collected  in 
the  swamp.  The  micropezid  Calobata  cibaria , (a  fly  with  extremely  long  legs), 
the  staphylinid,  water  and  other  beetles,  the  lacewing  Micromus  variegatus  which 
has  predacious  larvae,  the  Anthocoris  bugs  and  spiders,  both  large  ( Pardosa  and 
Tetragnatha ) and  small  (Linyphyiidae),  were  all  potential  predators  amongst  the 
stand  of  Phragmites.  Damselflies  were,  however,  very  rarely  trapped  within  the 
reed.  Not  only  is  the  Phragmites  marsh  a rich  source  of  organic  detritus  for  the 
soil  dwellers,  and  a source  of  food  for  the  plant  feeders,  but  it  is  also  a nch 
source  of  food  production  for  these  predacious  species. 

The  reed  swamp  in  autumn  and  winter 

Some  of  the  small  sphaerocerid  flies  have  long  been  known  to  overwinter  as 
adults  amongst  cut  reeds.  One  of  the  surprises  of  the  Hickling  survey  was  the 
large  number  of  insects  caught  in  the  water  traps  in  the  marsh  during  October 
(see  Table  2).  Unfortunately,  the  majority  of  these  were  parasitic  Hymenoptera 
(ichneumonids,  braconids,  chalcids  and  proctotrupids)  which,  at  the  present 
time,  are  difficult  to  identify.  Some  indication  of  the  size  of  the  population 
trapped  in  October  can  be  judged  by  a comparison  of  the  mean  catch  per  water 
trap  then  with  the  mean  catch  per  water  trap  in  the  previous  May  and  July. 
These  ratios  are  respectively  for  the  Ichncmonoidca  more  than  80  and  less  than 
6;  for  the  Chalcidoidea  more  than  20  and  less  than  8;  and  for  the 
Proctotrupoidea  more  than  75  per  trap  and  less  than  1 per  trap.  There  was  also 
a considerable  increase  in  the  numbers  of  sciarid  flies  in  the  swamp  in  October 
(a  mean  number  per  trap  of  more  than  50  compared  with  4 below  in  July  and 
below  2 in  May)  and  the  majority  of  these  was  an  easily  recognised  species 
Ctenosciara  hyalipennis.  Most  of  the  ichneumonoid  parasites  were  orthocentrine 
braconids  and  these  are  known  as  larval-pupal  parasites  of  sciarids.  A similar 
large  increase  was  found  in  the  numbers  of  the  coenosiine  muscid  fly 
Lispocephala  erythrocera  in  October  (mean  numbers  per  trap  more  than  20  for 
each  treatment:  below  4 in  July  and  below  1 in  May)  when  all  of  the  30  water 
traps  contained  this  species,  with  both  sexes  represented  in  each  trap.  The  same 
species  has  been  recorded  recently  as  overwintering  in  a Phragrnites  marsh  in 
Ireland.  Some  muscids  are  well  known  to  overwinter  only  as  adult  females  and 
in  the  marsh  females,  but  no  males,  of  Dialytina  atriceps  appeared  in  numbers  in 
October.  Psocids  (the  booklice  Caecilius  atricomis  and  Ectopsocus  briggsi),  some 
fungus  flies  (Mycetophilidae)  and  scuttle  flics  (Phoridae)  were  also  more  abun- 
dant in  the  water  trap  samples  taken  in  October.  The  significance  of  this  con- 
centration of  parasitic  Hymenoptera,  certain  Diptera  and  other  insects  in  the 
swamp  is  not  understood  but  if  the  insects  remain  throughout  the  winter,  they 
provide  a significant  resource  of  food  amongst  the  Phragmites  at  this  time. 
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MACROINVERTEBRATES  ON  PILING  ALONG  THE  LOWER  REACHES 
OF  THE  RIVER  YARE  AND  RIVER  BURE:  AN 
OVERLOOKED  COMMUNITY  ON  AN  UNDERVALUED  HABITAT 

R.  J.  Driscoll 

Castle  Museum,  Norwich,  NR1  3JU 


Introduction 

The  tidal  reaches  of  the  Broadland  rivers  arc  higher  than  the  surrounding  marsh- 
land. Flooding  is  prevented  by  retaining  the  rivers  within  artificial  embank- 
ments. More  or  less  continuous  fringes  of  reedswamp  (ronds)  used  to  protect 
these  flood  banks  from  erosion  caused  by  tides  and  wave  action  in  the  rivers. 
Reed  regression  and  erosion,  due  to  the  wash  from  increased  boat  traffic,  are 
causing  the  ronds  to  retreat  in  many  places.  As  the  protective  fringe  of 
reedswamp  disappears  the  margins  of  the  rivers  have  to  be  piled  in  order  to  pre- 
vent bank  failure  and  flooding  of  the  adjacent  land  (Payne  & Hey,  1982).  The 
outsides  of  most  bends  along  the  lower  reaches  of  the  River  Bure  and  River  Yare 
have  been  piled  and  the  length  of  piled  river  bank  is  steadily  increasing  (Jackson 
& Driscoll,  1977)  Slater,  1990). 

Although  it  is  a satisfactory  solution  from  an  engineering  point  of  view,  pil- 
ing is  almost  universally  unpopular.  It  is  very  expensive,  it  gives  the  rivers  an 
‘artificial’  canalised  appearence,  and  it  has  been  assumed  to  have  little  or  no  bio- 
logical interest.  Although  there  are  powerful  aesthetic  and  economic  arguments 
against  piling  the  ecological  argument  is  less  clear  cut.  Whereas  piling  is  not  a 
suitable  habitat  for  wildfowl  and  mammals  it  does  support  a wide  range  of 
aquatic  invertebrates. 

Differences  between  the  faunas  of  piled  and  non-piled  river  margins 

Surveys  of  the  aquatic  macroinvertebrate  fauna  of  the  lower  reaches  of  the  River 
Bure  and  River  Yare  were  carried  out  in  1976/7  and  1982  (Driscoll,  1980,  1985). 
Samples  were  collected  from  both  margins  at  twenty  three  stations  (ie.  forty-six 
sites)  along  each  river.  At  many  stations  both  piled  and  non-piled  stretches  of 
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Tabic  1. 


Comparison  of  the  total  number  of  species  of  invertebrate  per  habitat  and  mean 
number  of  species  per  sample  recorded  from  different  habitats  along  the  margins 
of  the  River  Bure  and  River  Yare  during  surveys  carried  out  in  1976/7  and  1982. 


Habitat 

River  Bure 

River  Yare 

1977  1982 

1976/7  1982 

Eroding  margin 


Total  no.  of  spp. 

4 

11 

8 

3 

Mean  no.  of  spp.  per  site 

0.6 

1.3 

0.8 

0.5 

Range 

0-2 

0-4 

0-4 

0-2 

Number  of  sites 

10 

10 

13 

13 

Reedswamp 

Total  no.  of  spp. 

18 

13 

11 

8 

Mean  no.  of  spp.  per  site 

2.6 

1.9 

1.3 

0.8 

Range 

0-7 

0-6 

0-4 

0-5 

Number  of  sites 

11 

11 

12 

13 

Piling 

Total  no.  of  spp. 

27 

21 

32 

27 

Mean  no.  of  spp.  per  site 

5.6 

4.5 

4.7 

3.8 

Range 

0-12 

0-8 

0-9 

1-8 

Number  of  sites 

25 

25 

21 

20 

All  habitats 

Total  no.  of  spp. 

30 

25 

34 

33 

Mean  no.  of  spp.  per  site 

3.8 

3.2 

2.7 

2.0 

Range 

0-12 

0-8 

0-9 

0-8 

Number  of  sites 

46 

46 

46 

46 

river  bank  were  present.  This  enabled  the  effects  of  differences  in  salinity  and 
tidal  regime  (which  vary  with  distance  upstream  from  the  mouth  of  the  river)  to 
be  taken  into  account  when  comparing  the  fauna  of  different  habitats. 

Not  surprisingly  these  surveys  showed  that  where  the  river  banks  were  erod- 
ing the  unstable  mud  formed  a very  poor  habitat.  Marginal  reedswamp  was  not 
much  better  and  a review  of  published  and  unpublished  records  found  little  evi- 
dence that  the  ronds  had  ever  been  rich  in  aquatic  invertebrates  (Driscoll,  1982, 
1992). 

Samples  collected  from  piling  generally  yielded  a greater  number  of  species 
than  those  from  eroded  margin  or  reedswamp.  Overall  the  number  of  species 
recorded  from  piling  was  much  higher  than  the  number  recorded  from  non-piled 
stretches  of  river  bank  (see  Table  1).  Several  species  were  only  found  on  piling. 
A biological  survey  of  piling  along  the  River  Yare  in  1990  confirmed  the  results 
of  the  earlier  surveys  and  added  a few  more  records  (Slater,  1990). 
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Freshwater  invertebrate  community  on  piling 

Along  the  fresh  or  virtually  freshwater  part  of  the  River  Yare  upstream  from 
Buckcnham  (30km  from  the  mouth  of  the  river)  the  piling  supports  a typical 
freshwater  fauna,  including  the  sponge  Ephydatia  fluviatilis  (L.),  the  molluscs 
Valvata  piscinalis  (Miillcr)  and  Bithynia  tentaculata  (L.),  the  isopod  Asellus 
aquaticus  L.,  the  mayfly  Cloeon  dipterum  (L.)  and  a number  of  caddisflies,  water 
bugs  and  water  beetles. 

Brackish  water  invertebrate  community  on  piling 

In  the  more  saline  reaches  of  the  River  Yare  and  River  Bure  the  piling  supports 
an  interesting  brackish  water  fauna.  This  community  is  well  developed  along  the 
River  Yare  between  Bcmey  Arms,  the  sample  site  nearest  the  mouth  of  the  river, 
and  Recdham  (ll-18km  from  the  mouth  of  the  river).  It  is  found  along  the 
River  Bure  from  Great  Yarmouth  yacht  station,  the  sample  site  nearest  the  har- 
bour entrance,  upstream  at  least  as  far  as  the  mouth  of  the  River  Ant  (6-3  lkm 
from  the  mouth  of  the  River  Yare).  From  examination  of  the  invertebrate  fauna 
it  seems  that  the  saline  effect  of  the  tides  extends  further  up  the  River  Bure  than 
it  does  up  the  River  Yare.  This  difference  between  the  two  rivers  may  in  part  be 
due  to  Breydon  Water,  the  estuary  of  the  River  Yare,  which  has  the  capacity  to 
retain  much  of  the  water  that  would  otherwise  be  driven  upstream  by  the  rising 
tide. 

The  brackish  water  community  consists  mainly  of  crustaceans,  including 
barnacles,  tanaids,  isopods,  amphipods  and  the  occasional  mysid  and  decapod. 
The  community  structure  consists  of  three  layers:  a basal  layer  of  species  firmly 
attached  to  the  piling,  a middle  layer  of  species  attached  to  or  closely  associated 
with  the  basal  layer,  and  a third  layer  of  free-swimming  species. 

The  most  obvious  component,  which  characterises  the  community,  is  a 
more  or  less  continuous  carpet  of  barnacles.  The  commonest  and  most  widely 
distributed  species  is  Balanus  improvisus  Darwin.  This  species  can  tolerate  very 
low  salinities  and  in  fluctuating  conditions  may  be  most  active  when  the  salinity 
is  as  low  as  20%  seawater  (Rainbow,  1984).  In  the  lowest  reaches  of  the  rivers  it 
is  joined  by  Elminius  modestus  Darwin,  an  Australasian  species  that  was  first 
recorded  in  Britain  in  1945  (Bishop,  1947),  and  occasionally  by  the  intertidal 
Semibalanus  balanoides  (L.). 

The  barnacles  are  usually  partly  covered  by  a layer  of  mud  which  is  often 
riddled  with  the  burrows  of  oligochaete  worms  and  the  tiny  tanaid  Heterotanais 
oerstedi  (Kroyer).  The  amphipods  Corophium  lacustre  Vanhoffen  and  Corophium 
multisetosum  Stock  also  burrow  in  the  mud.  Parts  of  the  barnacles  that  are  not 
covered  by  mud  may  be  encrusted  with  bryozoans,  including  Electra  crustulenta 
(Pallas).  The  brackish  water  hydroid  Corylophora  lacustris  Allman  is  frequently 
attached  to  the  barnacles.  The  isopods  Sphaeroma  hookeri  Leach,  Sphaeroma  rug- 
icauda  Leach,  Cyathura  carinata  (Krdyer)  and  Idotea  linearis  (L.)  are  occasionally 
associated  with  the  barnacles.  Gammarus  zaddachi  Sexton  is  the  most  widely 
distributed  amphipod  on  piling.  Gammarus  duebeni  Lilljeborg  and  Leptocheirus 
pilosus  Zaddach  are  much  less  common. 

The  opossum  shrimp  Neomysis  integer  (Leach)  and  the  ditch  prawn 
Palaemonetes  varians  (Leach)  are  occasionally  caught  swimming  above  the  barna- 
cles. 


Trails.  Norfolk  Norwich  Nat.  Soc. 
1992  29(3). 


235 


Various  aquatic  insects  have  been  swept  from  the  piling  but  they  show  no 
obvious  association  with  it. 

Conservation 

The  extent  of  piling  along  the  Broadland  rivers  is  steadily  increasing  and  the 
brackish  water  community  described  above  is  probably  more  common  and  more 
widely  distributed  than  at  any  time  in  the  past.  Research  is  in  progress  to  devel- 
op more  ‘environmentally  friendly’  alternatives  to  piling  (Broads  Authority, 
1987).  If  this  research  is  successful  the  amount  of  new  piling  installed  may 
decrease  in  the  future,  although  it  is  unlikely  that  very  much,  if  any,  of  the  piling 
that  is  already  in  place  will  be  removed.  In  some  places,  eg.  where  boats  are 
moored,  there  is  no  practical  alternative  to  piling.  Any  changes  in  the  status  of 
the  piling  community  are  likely  to  be  the  result  of  changes  in  water  quality  rather 
than  habitat  loss. 
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Introduction 

Harvestmen,  harvest-spiders  or  Opiliones  are  an  order  of  the  class  Arachnida. 
Their  relatives  within  the  Arachnids  include  the  mites,  spiders,  scorpions  and 
pscudoscorpions.  Arachnids  are  distinguished  from  the  other  arthropods  by 
having  a body  which  is  divided  into  two  parts:  an  anterior  cephalothorax  and  a 
posterior  abdomen.  They  posses  a pair  of  chclicerae  (pincers),  a pair  of  pedi- 
palps,  four  pairs  of  legs  and  two  simple  eyes  but  they  have  no  antennae. 
Harvestmen  and  spiders  are  often  confused  but  the  simplest  distinction  is  that 
spiders  arc  waisted  and  have  an  unsegmented  abdomen  while  in  harvestmen  the 
cephalothorax  and  abdomen  arc  fused  together  and  the  abdomen  shows  signs  of 
segmentation.  The  overall  effect  is  of  an  oval  body  with  two  eyes  on  top  slung 
between  very  long  legs.  Harvestmen  have  no  silk  glands  and  so  cannot  make 
webs  like  spiders.  They  are  terrestrial  and  predatory,  other  arthropods  forming 
the  principle  prey  but  they  arc  completely  harmless  to  humans. 


Fig.  1 . Male  Phalangium  opilio 
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Collecting  and  Identification 

Harvestmen  can  be  found  in  a wide  variety  of  habitats,  amongst  litter,  under  logs 
and  amongst  vegetation  from  the  ground  layer  to  shrubs  and  trees.  They  can  be 
collected  by  sweeping  and  beating  the  vegetation,  by  pitfall  trapping  and  by  litter 
sampling  as  well  as  searching  under  logs  etc. 

The  standard  work  of  identification  for  harvestmen  is  Hillyard  and  Sankey 
(1989).  A good  hand  lens  is  essential  and  a binocular  microscope  is  preferable. 
Harvestmen  should  be  killed  and  preserved  in  70%  alcohol  with  a trace  of  glyc- 
erine added  to  prevent  drying  out. 

A national  Opiliones  Recording  Scheme  is  in  progress  and  a Provisional 
Atlas  has  been  produced  by  Sankey  (1988).  Most  of  the  records  in  this  paper  are 
the  result  of  fieldwork  carried  out  since  1981  by  A.  G.  Irwin  and  R.  E.  Jones  for 
the  Norfolk  Museums  Service  and  since  1988  by  A.P.  Foster  and  D.A.  Procter 
of  English  Nature  as  part  of  the  East  Anglian  Fenland  Invertebrate  Survey. 

The  Norfolk  Fauna 

Nemastoma  bimaculatum  (Fabncius) 

This  distinctive  black  harvestman  with  two  white  spots  can  be  found  at  any  time 
of  the  year.  It  is  common  throughout  the  county  in  woods,  fens  and  rough  places 
being  found  in  moss,  leaf  litter  and  under  logs  etc. 

Mitostoma  chrysomelas  (Hermann) 

Also  found  at  any  month  of  the  year  this  species  is  frequently  overlooked  on 
account  of  its  small  size.  It  can  be  identified  by  its  long  pedipalps,  covered  with 
sticky  setae.  It  is  found  throughout  Norfolk  in  similar  habitats  to  the  former 
species. 


Anelasmocephalus  cambridgei  (Westwood) 

This  species  was  probably  more  common  in  the  past  but  it  was  not  recorded 
until  it  was  discovered  at  Keswick  Park  in  1968  by  B.  Sadler  (1970).  It  was 
found  in  pitfalls  in  woodland  and  provides  the  only  record  for  vice  county  27.  In 
1984  it  was  found  again  in  an  old  chalk  pit  at  West  Acre  but  efforts  to  find  it 
elsewhere  have  so  far  proved  unsuccessful.  This  is  the  only  record  for  vice  coun- 
ty 28. 

A ground-living  species  usually  found  in  areas  of  chalky  soil  this  species  has 
a preference  for  rough  grassland  and  semi-open  woodland  where  the  field  layer  is 
interspersed  with  leaf  litter  and  moss.  These  habitats  have  become  scarce  in 
Norfolk  but  it  may  turn  up  with  careful  searching.  The  recommended  ways  of 
finding  it  are  pitfall  trapping  or  sieving  because  this  species  exhibits  catalepsy 
(i.e.  it  freezes  when  disturbed)  and  is  hard  to  find  at  the  best  of  times. 


Oligolophus  tridens  (C.  L.  Koch) 

This  species  is  common  and  widely  distributed  with  a preference  for  the  ground 
layer  of  woods  but  it  also  occurs  in  the  rank  vegetation  of  marshes  and 
hedgerows.  Like  the  following  species  it  can  also  be  beaten  from  bushes  and  the 
low  branches  of  trees.  They  can  survive  the  frosts  until  the  end  of  January. 
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[O.  hansem  (Kracpclin)  probably  occurs  in  Norfolk  but  to  date  it  has  not  been 
found.] 

Paroligolophus  agrestis  (Meade) 

This  is  our  commonest  species  being  found  in  woodland,  grassland,  sand-dunes, 
heaths,  hedgerows  and  gardens.  It  inhabits  every  vegetation  zone  from  the 
ground  layer  to  the  tree  canopy  and  can  be  beaten  in  large  numbers  from  the 
branches  of  trees  particularly  oak  and  Scots  pine  in  late  summer  and  autumn.  It 
is  easily  identified  by  looking  at  the  genital  operculum  which  has  a deep  notch  in 
the  female  and  a shallow  one  in  the  male.  Adults  are  found  from  July  until 
December,  occasionally  lingering  until  February  if  the  conditions  are  right. 

[P.  meadii  (O.  P. -Cambridge)  has  not  been  found  in  the  county  yet  but  as  it 
occurs  in  Suffolk  and  Lincolnshire  it  probably  will  turn  up  eventually.  It  prefers 
chalk  grassland,  heaths  and  sand  dunes.] 

Lacinius  ephippiatus  (C.  L.  Koch) 

An  early  species  it  occurs  as  an  adult  from  May  until  September.  It  can  be  con- 
fused with  O.  tridens  if  one  is  not  careful.  It  is  widely  distributed  but  not  abun- 
dant and  can  be  found  in  the  ground  layer  of  marshes,  meadows  and  deciduous 
woods. 

Odiellus  spinosus  (Bose) 

A large  fat  bodied  species  with  short  legs,  this  harvestman  is  only  recorded  from 
Norwich  and  Dcrsingham.  As  it  likes  warm  man-made  habitats  it  probably 
occurs  else  where;  it  likes  to  rest  under  window  ledges  for  example.  Go  and 
search  for  it  in  the  garden  this  summer!  Adults  can  be  found  from  August  until 
the  frosts. 

Mitopus  morio  (Fabricius) 

This  is  an  extremely  variable  species,  both  in  colour  and  pattern,  and  the  females 
are  larger  than  the  males.  It  is  widespread  throughout  the  county  and  is  found  in 
a wide  variety  of  habitats.  Adults  can  be  found  from  July  until  the  onset  of  frosts. 

Phalangium  opilio  Linnaeus  (Fig.  1) 

Another  widespread  and  common  species  which,  in  the  males  develops  large 
horns  on  the  chelicerae.  Adults  are  about  from  June  to  December. 

Opilio  parietinus  (Degeer) 

This  species  and  the  next  both  have  dark  brown  spots  below  and  this  species  has 
two  rows  of  five  or  six  tubercles  on  its  oculanum.  It  is  synanthropic  and  is  com- 
mon on  walls,  fences,  trees,  bushes,  rough  grass  and  litter.  Adults  are  about  from 
July  to  December. 

Opilio  saxatilis  C.  L.  Koch 

This  species  can  be  distinguished  from  O.  parietinus  by  its  smaller  size  and  the 
ocularium  which  has  fewer  tubercles.  A widespread  harvestman  which  occurs  in 
relatively  dry  habitats  it  is  adult  from  July  to  December. 
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Megabunus  diadema  (Fabricius) 

This  beautiful  little  species  is  known  from  a single  specimen  collected  at 
Aylsham  Stone  Works,  an  old  record  from  the  north  coast  and  Dersingham  Bog. 
It  needs  looking  for  but  it  is  probably  genuinely  uncommon  in  East  Anglia.  It  is 
easily  identified  by  its  large  ocularium  with  long  spines  on  it.  It  occurs  all  the 
year  round. 

Rilaena  triangularis  (Herbst) 

An  early  species,  adults  are  found  from  April  to  July.  It  is  distinguished  by  its 
prominent  ocularium  and  its  pedipalp  with  a noticeable  apophysis.  It  is  wide- 
spread and  most  often  occurs  in  the  ground  and  field  layers  of  damp  woodland. 

Lophopilio  palpinalis  (Herbst) 

This  harvestman  is  distinguished  from  all  others  by  its  strongly  armed  pedipalps. 
It  appears  to  have  a preference  for  the  ground  layer  of  deciduous  woodland, 
undisturbed  hedgerows  and  gardens.  Adults  may  be  found  from  July  to  January. 

Leiobunum  rotundum  (Latreille)  & Leiobunum  blackwalli  Meade 
The  two  species  are  very  similar  in  appearance  having  extremely  long  legs  but 
arc  quickly  separated  by  the  oculana,  the  one  of  L.  rotundum  having  a dark  ring 
around  each  eye  and  the  one  of  L.  blackwalli  having  pale  rings.  The  body  is 
markedly  different  in  the  two  sexes  of  both  species.  Both  have  a preference  for 
woodland  but  can  also  be  found  on  heaths,  fens,  in  hedgerows  and  gardens. 
They  are  often  found  (and  in  the  case  of  L.  rotundum  sometimes  in  large  num- 
bers), on  the  trunks  of  trees,  shrubs,  bushes  and  walls.  L.  rotundum  is  sometimes 
taken  at  carrion.  Both  species  can  be  found  from  July  until  about  late  December. 

Nelima  gothica  Lohmander 

This  species  has  been  collected  throughout  the  county  by  A.P.  Foster  and  D.A. 
Procter  from  fens  and  marshes.  The  localities  stretch  from  Dersingham  and 
Brancaster  in  the  west  to  Hickling  and  Lopham  and  Redgrave  Fen  in  the  east. 
First  found  in  Britain  in  1935  in  Wales  it  has  spread  throughout  England  and 
southern  Scotland  and  probably  only  reached  East  Anglia  in  the  last  ten  years. 
Nelima  is  distinguished  from  Leiobunum  by  its  shorter  legs  and  the  presence  of 
short  spines  on  the  silvery  ocularium.  It  is  found  in  coarse  grassland,  tangled 
vegetation  or  under  stones,  wood  and  debris.  Like  most  harvestmen  the  adults 
are  about  from  July  until  the  first  frosts. 
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FURTHER  NOTES  ON  DOLICHOVESPULA  WASPS  IN  NORFOLK. 

A.G.  Irwin 

Castle  Museum,  Norwich,  NR1  3JU 

This  paper  updates  my  previous  notes  on  the  long-cheeked  social  wasps, 
Dolichovespula  species,  in  Norfolk  (Irwin  1990,  1991).  More  nests  of  D.  media 
are  recorded,  breeding  is  confirmed  for  D.  saxonica  and  the  first  recent  Norfolk 
records  of  D.  norvegica  are  reported. 

Dolichovespula  media 

On  14  August  1991  Garth  Coupland  found  a male  D.  media  feeding  on  snow- 
berry  flowers  in  his  garden  at  Acle,  East  Norfolk  (TG41 10). 

On  19  August  1991  John  Goldsmith  brought  a D.  media  worker  to  me  from 
a nest  at  Brooke,  East  Norfolk  (TM292991).  The  nest  was  suspended  1 m from 
the  ground  on  some  elm  suckers  on  the  south  side  of  an  ash  tree  about  2 m from 
a public  footpath.  There  was  very  little  cover,  just  a few  dead  cow  parsley  and 
nettle  stems  between  it  and  the  path.  Despite  the  lack  of  cover,  the  nest 
remained  undisturbed  until  14  September,  when  it  was  almost  totally  destroyed 
by  vandals.  Up  until  then  it  had  been  quite  active,  with  workers  leaving  the  nest 
at  the  rate  of  one  per  minute  on  4 September. 

On  2 September  1991,  I was  told  by  David  Buffey  of  a nest  which  had  been 
built  in  a crab-apple  tree  in  a garden  at  Clcy,  E.  Norfolk  (TG046437).  The  nest 
had  been  removed  by  local  bee-keepers  on  24  July,  because  the  owner  was  aller- 
gic to  wasp  stings.  Both  the  nest  and  its  supporting  branch  had  been  cut  off  into 
a large  paper  bag  and  then  driven  some  5 km  to  Kclling  Heath  (TG091408). 
The  bag  was  carefully  placed  in  a bramble  ‘bush’  and  covered  with  dry  bracken 
to  hide  it.  The  expectation  was  that  the  wasps  would  cat  their  way  out  of  the  bag 
and  resume  their  activities. 

When  I visited  the  garden  on  3 September,  there  was  a small  (100  mm 
diameter)  nest,  at  about  2 m height  in  the  tree,  which  had  been  built  by  the  thir- 
ty or  so  D.  media  workers  which  had  escaped  transportation  to  Kelling  Heath. 
The  original  nest  was  recovered  from  the  Heath  and  was  found  to  contain  large 
numbers  of  earwigs,  woodlice,  beetles,  caterpillars  and  millipedes.  Apart  from  a 
few  dead  and  dismembered  D.  media  workers,  the  only  evidence  of  wasps  was  a 
very  lively  callow  queen. 

Dolichovespula  saxonica 

On  13  August  a wasps’  nest  was  removed  from  a Sheringham  garage  by  a pest 
control  officer  of  North  Norfolk  District  Council.  The  nest,  which  was  almost 
inactive,  was  situated  in  the  apex  of  the  roof  of  a small  (2.15  m high)  prefabricat- 
ed garage,  about  1 m from  the  door,  and  had  been  attached  over  an  area  about 
15  cm  diameter,  between  the  ridge  board  and  the  corrugated  asbestos  roof 
panel.  The  garage  had  no  doors,  and  opened  to  the  E.S.E.,  facing  trees  on  the 
edge  of  Sheringham  Common  (TGI  61419). 

In  the  nest  were  over  80  Aphomia  sociella  (bee  moth)  larvae,  mainly  last 
instar,  which  had  destroyed  much  of  the  nest  structure,  and  most  of  its  occu- 
pants. Only  nine  whole  wasps  were  recovered.  Four  of  these  were  worker 
Vespula  vulgaris , including  one  callow  specimen,  and  the  rest  were  a 
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Dolichovespula  species,  again  including  one  callow  specimen.  Other  wasp  remains 
in  the  nest  included  the  genital  capsules  of  two  male  D.  saxonica.  Dr  Mike 
Archer  kindly  examined  the  remains  and  suggested  that  this  was  a D.  saxonica 
nest  that  had  been  weakened  by  the  Aphornia,  so  that  V vulgaris  could  invade 
and  rob  it.  Two  other  British  saxonica  nests  were  recorded  in  1991,  both  of  them 
in  Sussex,  but  the  species  has  not  been  recorded  breeding  in  Britain  before. 

A two-hour  visit  to  Sheringham  Common  and  the  adjoining  Beeston 
Common  on  19  August  1991  produced  several  wasps  feeding  on  bramble  and 
angelica  flowers.  About  100  m from  the  nest  site,  on  Sheringham  Common,  I 
took  one  worker  and  one  male  D.  saxonica,  as  well  as  one  male  V.  rufa,  one 
worker  V.  vulgaris  and  three  male  and  one  worker  D.  sylvestris.  On  Beeston 
Common  most  of  the  wasps  were  taken  about  500  m from  the  nest  site.  Here  I 
found  two  male  and  two  worker  D.  saxonica,  one  male  D.  sylvestris  and  one  male 
and  one  worker  V.  rufa.  Other  D.  sylvestris /saxonica  males  and  V.  rufa  were  seen 
but  not  collected.  It  seems  likely  that  at  least  one  other  D.  saxonica  nest  was  in 
the  area,  and  that  the  species  is  established  in  N.E.  Norfolk. 

Dolichovespula  norvegica 

The  recent  interest  in  Dolichovespula  prompted  Ken  Durrant  to  provide  me  with 
some  records  from  his  collection,  including  two  of  D.  norvegica,  a species  not 
recorded  from  Norfolk  in  Archer  (1978).  The  first  was  a male,  taken  at  Brandon 
Road,  Swaffham  (TF8207)  on  28  July  1957  and  the  second  a worker  from 
Dcrsingham  (TF6829)  on  31  July  1966.  Saunders  (1896)  quotes  a Bridgman 
record  from  Wilton,  Norfolk,  which  is  some  20  km  south  of  Swaffham. 
Bridgman’s  collection  is  in  the  Castle  Museum  but  none  of  the  social  wasps, 
including  a good  series  of  D.  norvegica,  bears  any  data  label. 

With  the  confirmation  of  D.  saxonica  and  D.  norvegica  as  Norfolk  insects,  all 
the  British  Dolichovespula  species  are  now  known  to  occur  in  the  county. 


Accession  numbers  relating  to  specimens  in  Norwich  Museum  are  as  follows: 

D.  media,  Acle  - 149.992;  D.  media,  Brooke  - 22.991.044  & 22.991.079;  D.  media,  Kelling 
Heath  - 22.991.068;  D.  saxonica  et  al.,  Sheringham  nest  - 148.991;  D.  saxonica  et  al., 
Sheringham  Common  - 22.991.041;  D.  saxonica  et  al.,  Beeston  Common  - 22.991.042. 
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FRESHWATER  RECORDER’S  REPORT 
R.  J.  Driscoll 

Castle  Museum,  Norwich,  NR1  3JU 

A few  rare  or  interesting  aquatic  invertebrates  were  recorded  in  1990  and  1991. 
Aeshna  isosceles  (Muller) 

Compared  to  many  other  dragonflies  Aeshna  isosceles  has  a very  short  flight 
period  and  adults  are  usually  seen  in  June  and  the  early  part  of  July.  On  15 
August  1991  R.J.  Driscoll  and  L.A.  Dear  saw  a specimen  of  A.  isosceles  flying 
along  a dyke  draining  grazing  marsh  south-west  of  Potter  Hcigham  (Grid 
Reference  TG  41 18).  It  was  a particularly  good  day  for  Odonata  and  the  follow- 
ing species  were  recorded  at  the  same  site:  Coenagrion  puella  (L.),  Ischnura  elegans 
(Vander  Linden),  Lestes  sponsa  (Hansemann)  (ovipositing),  Aeshna  cyanea 
(Muller)  (in  tandem),  Aeshna  grandis  (L.)  (ovipositing),  Orthetrum  cancellatum 
(L.),  Sympetrum  sanguineum  (Muller)  and  Sympetrum  striolatum  (Charpenticr)  (in 
tandem). 

Later  on  the  same  day  Driscoll  and  Dear  recorded  at  least  three  more  A. 
isosceles  flying  over  hay  marshes  south-east  of  Potter  Hcigham  (TG  4218,  TG 
4219),  along  with  7.  elegans,  L.  sponsa,  A.  cyanea,  A.  grandis  (ovipositing),  S',  san- 
guineum and  S.  striolatum.  None  of  the  A.  isosceles  seen  that  day  were  worn  or 
battered,  indicating  that  they  were  probably  recently  emerged  rather  than  old 
specimens. 

There  are  even  later  records  of  A.  isosceles : K.  G.  Saul  observed  an  extremely 
worn  specimen  near  the  Muckflcet,  Flcggburgh  (TG  4312)  on  18  August  1985, 
and  P.  J.  Heath  recorded  a specimen  at  Ludham  Marshes  (TG  406178)  on  25 
August  1990.  In  complete  contrast  there  arc  some  very  early  records:  E.  F. 
Booscy  recorded  A.  isosceles  at  Catficld  Fen  (TG  379209)  on  24  May  1987. 

[During  June  and  July  1991  O.  Lcyshon,  an  undergraduate  at  the  University 
of  East  Anglia,  carried  out  a detailed  study  of  A.  isosceles  emergence  from  dykes 
at  Castle  Marshes,  Bamby,  just  over  the  county  boundary  in  Suffolk.  Lcyshon 
collected  326  A.  isosceles  exuviae  between  8 and  29  June.  He  observed  breeding 
activity  on  24  June  and  recorded  1 1 1 adults  on  6 July.  Lcyshon  speculated  that 
late  August  records  of  A.  isosceles  could  represent  prolonged  (ie.  late)  emergence 
and/or  advanced  emergence  (ie.  rapid  growth  of  larvae  leading  to  adults  emerg- 
ing nearly  a year  earlier  than  expected).  A copy  of  Leyshon’s  unpublished  report 
(Lcyshon,  O.  1992  The  habitat  requirements  of  Anaciaeshna  isosceles  and  its 
implications  for  conservation  monitoring.)  is  held  by  the  Natural  History 
Department,  Castle  Museum,  Norwich.] 


Ranatra  linearis  (L.)  (Fig.  1) 

L.A.  Dear  recorded  three  specimens  of  this  rare  water  bug  from  Hickling 
Broad  National  Nature  Reserve  on  8 May  1991  and  another  on  11  July  1991. 
She  collected  the  bugs  while  ‘pond  dipping’  with  parties  of  school  children  in 
dykes  near  Whiteslea  Lodge  (TG  4221),  less  than  3 kilometres  from  the  dyke  at 
Horsey  (TG  454215)  that  yielded  the  only  other  recent  record  of  the  species  in 
1982. 
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Leptophlebxa  vespertina  (L.) 

On  18  February  1990  Z.L.  Slater  and  R.J.  Driscoll  collected  two  larvae  of 
this  mayfly  from  wooden  piling  along  the  River  Yare  at  Brundall  (TG  324071). 
This  may  be  the  first  record  of  the  species  from  Broadland. 

Polycentropus  flavomaculatus  (Pictet) 

On  the  same  day  Slater  and  Driscoll  also  collected  three  larvae  of  this  case- 
less caddis  from  metal  piling  along  the  River  Yare  at  Surlingham  Ferry  (TG 
307075).  This  probably  represents  the  downstream  limit  of  the  species  in  the 
River  Yare.  Although  P.  flavomaculatus  is  one  of  the  net-spinning  caddis  that 
can  survive  in  the  low  oxygen  concentrations  that  are  often  found  in  the  lower 
reaches  of  rivers  it  is  unable  to  tolerate  the  higher  salinities  that  are  found  down- 
stream from  Surlingham.  Unfortunately  the  specimens  were  collected  with  a 
hand  net  and  it  was  not  possible  to  examine  the  nets  spun  by  the  larvae  to  trap 
prey. 


Fig.  1 Ranatra  linearis 
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1991  WEATHER  SUMMARY* 

S.  Bartholomew 

38  Field  View  Gardens,  Beccles,  Suffolk 

January  - Near  average  temperatures,  drier  and  sunnier  than  normal. 
Following  three  mild  to  very  mild  Januarys  (1988,  1989  and  1990),  the  first  10 
days  were  mild  whereas  the  remainder  of  the  month  was  average  to  cold  in  the 
last  week.  Rain  was  noted  on  12  of  the  first  13  days  but  three  only  in  remainder 
of  month.  The  sunniest  January  on  my  record  (since  at  least  1968)  by  less  than 
an  hour,  however  only  2.3  hours  sunshine  noted  in  last  ten  days.  Dominant  wind 
directions:  south-east  10  days,  south-west  8 days. 

February  - The  coldest  month  of  any  since  1987,  the  dullest  February  since 
1968  (my  first  year  of  recording)  but  the  driest  February  since  1986.  Very  cold 
first  half  of  month  (average  maximum  temperature  less  than  1.4°C)  and  average 
minimum  temperature  over  the  same  period  -3.7°C.  The  coldest  night  12th/13th 
noted  -8.5°C,  the  lowest  since  -9.5°C  on  12.01.87.  Most  of  the  precipitation 
came  in  the  form  of  snowfall,  seven  consecutive  days  commencing  6th  and  ten  in 
a row  had  snow  lying  commencing  on  8th.  Only  two  thirds  the  normal  sunshine 
was  recorded  resulting  in  the  dull  February.  Dominant  wind  directions:  south- 
west 7 days  and  east  6 days. 

March  - Milder,  much  drier  than  normal  with  average  sunshine.  Average  maxi- 
mum temperature  (throughout  month)  was  3°C  better  than  normal,  cool  days 
noted  only  during  the  first  four  days  and  two  days  late  in  the  month,  only  two  air 
frosts  recorded.  The  unlikely  happening  of  three  March  mean  temperatures 
being  milder  than  the  respective  April  was  achieved.  Only  the  fourth  March  on 
my  entire  record  to  record  less  than  1"  of  rainfall.  Just  four  days  during  the 
month  were  dull  while  only  four  days  noted  more  than  eight  hours.  Dominant 
wind  directions:  south-east  7 days,  south  and  south-west  6 days. 

April  - Near  average  temperatures,  higher  than  average  sunshine  and  the  fourth 
month  running  drier  or  much  drier  than  normal.  Mild  first  half  of  the  month  and 
the  first  20°C  reading  was  noted  on  the  1 1th.  However  a change  to  cold  norther- 
ly type  winds  brought  about  wintry  showers  and  even  a light  carpet  of  snow  on 
the  morning  of  the  20th.  The  month  finished  milder  except  the  last  day  which 
was  the  wettest  day  of  any  since  24th  and  26th  November  1990.  Dominant  wind 
directions:  south-west  7 days,  north-east  5 days. 

May  - Cooler,  duller  but  also  the  third  successive  May  to  record  less  than  V2" 
rain.  Persistent  north  to  north-east  winds  especially  in  the  first  and  last  weeks  of 
the  month.  This  resulted  in  a first  week  with  average  maximum  temperature  of 
11.5°C.  The  8.5°C  maximum  on  the  5th  was  the  coldest  May  day  since 
04.05.85.  A total  of  seven  nights  noted  an  air  minimum  of  3.5°C  or  less  without 

★ ★ ★ 

*This  weather  summary  is  not  the  usual  county-wide  report,  but  rather  a reflection  of  the  coun- 
ty's weather  as  experienced  just  over  the  border  in  Suffolk!  - Ed. 
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recording  an  actual  air  frost.  This  was  the  eighth  May  to  record  less  than  an  inch 
of  rainfall  but  was  blighted  by  high  cloud  levels  associated  with  the  north  to 
north-east  winds.  Only  21  hours  of  the  near  168  hour  total  were  noted  in  the 
first  and  last  weeks.  Dominant  wind  direction:  north  12  days,  north-east  9 days. 

June  - Cooler,  duller  and  the  first  month  since  December  1990  to  be  wetter 
than  normal.  Overall,  daytime  temperatures  were  some  2°C  below  normal,  the 
first  four  days  recorded  no  higher  than  13.5°C  while  the  nights  of  2nd  and  4th, 
with  a minimum  of  2°C,  were  the  coldest  June  nights  for  15  years  and  the  sec- 
ond coldest  on  my  entire  record  (commencing  1968).  The  best  two  days  were 
the  last  two  days,  as  the  30th,  in  achieving  23°C,  did  at  least  equal  the  lowest 
June  maximum  which  was  also  noted  in  1988.  Twenty  rain  days,  including  four 
days  on  which  thunder  was  heard  (the  highest  for  any  month  since  five  in  June 
1989).  Frontal  rainfall  on  15th,  19th  and  23rd  produced  ‘A"  or  more  on  each 
day.  The  frequency  of  rain  days  affected  sunshine  levels,  four  days  totally  dull 
and  a good  many  of  the  remainder  spoilt  by  cloud  build  up  in  the  afternoon,  typ- 
ical of  the  dominant  south-west  to  west  wind  direction.  South-west  1 1 days, 
north-west  6 days. 

July  - An  excellent  month,  somewhat  warmer  (daytime  maximums  2°C  above 
average)  and  also  sunnier  and  drier.  Consistent  warmth  was  the  overriding  fac- 
tor, 5°C  warmer  than  June  when  2°C  is  nearer  normal.  Every  day  exceeded 
19°C  while  eight  reached  and  exceeded  25°C.  No  night  was  cooler  than  10.2°C 
- the  very  first  month  on  record  when  every  night  has  exceeded  10°C.  Another 
dry  month,  although  five  of  the  nine  rain  days  exceeded  •/ io",  the  only  notable 
fall  (14mm  on  24th)  was  also  the  only  dull  day.  The  245  hour  sunshine  total  was 
only  narrowly  exceeded  by  August  in  1991.  Dominant  wind  directions:  south- 
east 10  days,  west  6 days. 

August  - A near  record-breaking  month,  being  the  third  warmest  of  any  on  the 
entire  record  and  again  much  drier  and  sunnier  than  average.  Only  just  cooler 
than  August  1990,  this  August,  as  last,  had  each  day  with  temperature  of  at  least 
20°C,  20  days  of  at  least  24°C,  14  of  which  noted  25°C  or  more.  Fourth  succes- 
sive dry  August  and  the  second  driest  August  on  the  record.  Another  official 
drought  commenced  on  23rd  August.  Despite  there  being  only  nine  days  record- 
ing 11  hours  or  more,  accumulation  on  other  days  was  sufficient  to  make  August 
the  sunniest  month  of  1991  and  the  third  sunniest  August  on  the  record,  just  10 
hours  short  of  the  best  August  (1984). 

September  - A strange  mixture  of  warmer,  wetter  and  sunnier  than  normal, 
thanks  to  a warm,  dry  and  sunny  first  three  weeks  and  then  a very  wet  end  to  the 
month.  Only  two  days  failed  to  reach  20°C  by  daytime  during  the  first  three 
weeks  whereas  only  one  day  in  the  remaining  nine  attained  that  level.  Average 
maximum  temperature  was  the  best  on  record,  cool  nights  throughout  the 
month  however  ensured  that  by  the  time  the  mean  temperature  was  calculated  it 
was  only  the  fifth  warmest.  Only  2 mm  of  rain  were  noted  between  23rd  August 
and  22nd  September  while  only  10  mm  of  the  71  mm  had  fallen  by  the  26th. 
The  wettest  weekend  of  the  year  to  date  (27th  to  30th)  made  up  the  balance 
including  the  wettest  24-hour  penod  since  August  1987.  1 16  of  the  189  hour 
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sunshine  total  had  been  recorded  by  the  13th,  nine  days  during  the  month 
recorded  more  than  nine  hours  which  helped  to  make  this  month  the  fifth  sunni- 
est September  on  record,  yet  only  16  hours  short  of  the  best  in  1971.  Dominant 
wind  directions:  south-west  8 days,  south-east  6 days. 

October  - Cooler,  duller  but  drier  than  normal.  The  last  few  days  (“Indian”) 
summer  were  noted  at  the  beginning  of  the  month  with  20°C  recorded  on  10th 
and  19°C  as  late  as  13th.  Autumnal  weather  became  evident  from  the  18th  with 
a swing  in  general  wind  direction  from  south-west  to  north-west.  The  19th  and 
20th  recorded  maximums  of  9.5°C  and  8.0°C  respectively  were  the  first  October 
days  to  record  less  than  10°C  for  six  years  while  the  latter  was  the  coolest 
October  day  for  17  years.  The  coolest  October  mean  temperature  since  1982. 
The  first  notable  rainfall  did  not  occur  until  the  19th  and  20th  (after  a mere  2.2 
mm  in  the  first  17  days,  producing  nearly  9 mm.  The  only  other  really  wet  day 
was  the  30th  noting  8 mm.  This  was  the  dnest  October  since  1985.  The  last 
nine  days  of  the  month  produced  only  3.4  hours  of  sunshine,  this  set  the  seal  on 
the  dullest  October  since  1982  and  58  hours  less  than  1990.  Dominant  wind 
directions:  south-east  7 days,  north-west  6 days. 

November  - An  unspectacular  month,  near  average  in  all  respects.  Mild  days 
were  confined  to  five  of  the  first  eight  days  - the  1st  and  2nd  noted  14°C  (highest 
of  the  month).  On  the  other  hand,  the  only  really  cold  day  was  the  17th,  when 
freezing  fog  persisted  for  much  of  the  day,  not  until  the  early  evening  was  the 
maximum  of  4.5°C  reached.  With  the  exception  of  November  1990,  this  was  the 
wettest  November  since  1982  and  also  the  second  wettest  month  of  1991.  The 
wettest  day  (18.7  mm)  on  the  19th  was  the  third  wettest  day  of  the  year  and  was 
one  of  six  days  recording  5 mm  or  more.  Sunshine  was  slightly  below  average, 
mainly  because  of  its  sparsity  in  the  second  half  of  the  month  when  11  of  the  14 
dull  days  occurred.  Dominant  wind  directions:  south-west  10  days,  south-east  6 
days. 

December  - Average  temperatures,  well  below  average  rainfall  and  above  aver- 
age sunshine.  This  was  the  coolest  December  since  1982  but  only  because  of  the 
outstanding  mildness  during  recent  winters.  This  was  also  the  frostiest 
December  also  since  1982  while  the  minimum  temperature  of  -5.5°C  was 
the  coldest  December  night  since  1985.  An  absolute  maximum  of  15°  C on  the 
22nd  was  the  fourth  mildest  December  day  on  my  entire  record  (since  at  least 
1968),  only  half  a degree  below  the  best,  part  of  the  improvement  noted  in  the 
second  half  of  December.  99%  of  the  month’s  rainfall  was  noted  during  the 
period  16th  to  23rd,  the  27.5  mm  total  was  the  lowest  December  total,  previous 
lowest  was  the  28  mm  noted  in  1987.  This  set  the  seal  on  the  driest  year  on  my 
record  - 21.3  mm  less  than  the  previous  lowest  in  1972.  Despite  13  sunless  days 
in  the  month  and  included  in  the  “longest  run  of  sunless  days”  for  1991  - 11  days 
(November  25th  to  December  5th),  this  was  the  third  sunniest  December  on  the 
record  and  within  two  hours  of  the  best  (76.8  hours  in  1984).  Dominant  wind 
directions:  west  9 days,  south  5 days. 
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1991  WEATHER 


MEAN 

TEMPERATURE 

°C 


NO.  OF  AIR  AND  GROUND 
FROSTS 


SUNSHINE 

HOURS 


1991 

Avg. 

1991 

Avg. 

1991 

Avg. 

Jan. 

4.4 

3.5 

3/Not  recorded 

11/19 

84.2 

51.2 

Feb. 

1.8 

3.2 

16/ 

12/18 

46.7 

66.8 

March 

8.3 

5.3 

2/ 

7/17 

115.5 

100.6 

April 

8.2 

7.3 

2/ 

4/14 

175.1 

154.2 

May 

10.4 

10.9 

- 

1/6 

167.8 

193.5 

June 

13.1 

14.0 

- 

rare 

173.5 

202.6 

July 

18.2 

16.0 

- 

very  rare 

245.0 

193.9 

August 

18.7 

16.2 

- 

very  rare 

248.9 

186.7 

Sept. 

15.4 

13.9 

- 

rare/1 

188.9 

149.8 

Oct. 

11.1 

10.4 

- 

1/6 

89.8 

109.1 

Nov. 

7.0 

6.5 

4/ 

5/12 

56.4 

67.6 

Dec. 

4.8 

4.2 

10/ 

9/17 

74.6 

50.5 

Year 

10.1 

9.3 

37/ 

49/109 

1666.4 

1526.5 

RAINFALL 

DAYS  WITH 

DAYS  WITH 

mm 

SNOW/HAIL 

THUNDER 

Beccles 

Taverham 

1991 

Avg. 

1991 

Avg. 

1991 

Avg. 

Jan. 

26.3 

58.4 

1/1 

5/1 

- 

rare 

Feb. 

29.3 

45.0 

7/1 

4/1 

- 

rare 

March 

24.0 

42.7 

-/- 

3/1 

- 

rare 

April 

39.5 

39.9 

2/2 

1/1 

1 

1 

May 

11.7 

41.7 

-/- 

rare 

- 

2 

June 

57.3 

43.2 

-/- 

very  rare/rare 

4 

3 

July 

33.0 

57.9 

-/- 

-/rare 

2 

3 

August 

10.5 

54.9 

-/- 

-/rare 

- 

3 

Sept. 

71.0 

53.6 

-/- 

-/rare 

- 

2 

Oct. 

22.3 

62.5 

-/- 

rare 

- 

1 

Nov. 

64.5 

71.1 

-/I 

2/1 

1 

rare 

Dec. 

27.5 

57.7 

-/- 

3/1 

- 

rare 

Year 

416.9 

628.6 

10/5 

18/6 

8 

15 

Averages  quoted  above  are  for  46  years  to  1984  for  rainfall,  otherwise  for  17  years  to  1984. 
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